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Abstract

'I nis Semiannual Technical Summary describes the operation, maintenance
and research activities at the Norwegian Seismic Array (NORSAR), the Nor-
wegian Regional Seismic Array (NORESS) and the Arctic Regional Seismic
Array (ARCESS).for the period 1 October 1990 - 31 March 1991. Statistics
are also presented for additional seismic stations, which through cooperative
agreements with institutions in) the host countries provide continuous data
to the NORSAR Data Processing Center (NPI)C). These stations comprise
the Finnish Experimental Seismic Array (FINESA), the German Experimental
Seismic Array (GERESS), and tvwo 3-component stations in Poland: Ksiaz and
Stary Folwark. This Semiannual Report also presents statistics from operation
of the Intelligent Monitoring System (IMS). The .IMS has been operated in an
experimental mode using NORESS and ARCESS data, and the performance
has been very satisfactory.

The NORSAR Detection Processing sy:;tem has been operated through-
out the period with an average tiptimie of 98.6% as compared to 98.0% for the

previous reporting period. A total of 1837 seismic events have been reported
in the NORSAR monthl v seismic bulletin. The performance of the contin-
uous alarm system and the automatic bulletin transfer by telex to AFTAC

has been satisfactory. A systein for direct retrieval of NORSAR waveform
data through an X.25 connection has beei implemented, and has been tested

successfully for acquiring such iLata by AFTAC. Processing of requests for

full NORSAR/NORESS data oni magnetic tapes has progressed according to

established schedules.

On-line detection processing and data recording at the NORSAR Data

Processing Center (NDPC) of NORESS, ARCESS and FINESA data have
been conducted throughout the period, with an average uptime of 99.2% for

NORESS, 98.4% for ARCESS and 98.9% for FINESA. The Intelligent Mon-

itoring System was installed at NORSAR in December 1989 and has been
operated experime'tally since 1 January 1990. Results of the IMS analysis for

the reporting period are given.

There have been no modifications made to the NORSAR data acquisition
system. The process of evaluating and testing technical options for refurbish-

ment of the array is continuing.

The routine detection processing of NORESS, ARCESS and FINESA is
running satisfactorily on each of the arrays' SUN-3/280 data acquisition sys-

tents. The routine processing of FINESA data at NORSAR is similar to what

is done in Helsinki. GERESS data acquisition and dete:tion processing has
been conducted in an experimental mode during the period, in a way similar
to what is (lone in Boclum.
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Maintenance activities in the period comprise preventive/corrective main-
tenance in connection with all the NORSAR subarrays, NORESS and ARCESS.
In addition, the maintenance center has been involved with occasional main-
tenance of equipment for FINESA and preparatory work in connection with
the two stations in Poland. Other activities involved testing of the NORSAR
communications systems.

We have continued our work aimed at evaluating the stability of RMS Lg
for yield estimation purposes. We have carried out a detailed RMS Lg anal-
ysis of NORSAR recordings of Novaya Zemlya underground explosions, and
in addition conducted similar analysis of Grifenberg (GRF) array recordings
(available after 1976). The results show a tight clustering in M(Lg) of 13
NORSAR-recorded explosions after 1976, and GRF data of the 27 Sep 78 ex-
plosion, for which no NORSAR data are available, indicate that this event is
of similar size. The correspondence between M(Lg) for NORSAR vs GRF is
excellent, with an orthogonal standard deviation of only 0.02-0.03 magnitude
units. This correspondence fully matches the excellent results previously ob-
tained for Semipalatinsk explosions, and confirms the promise of RMS Lg as
a stable estimator of relative yields.

The concept of threshold monitoring, introduced by Ringdal and Kvarna,
is a method of monitoring the seismic amplitude levels for the purpose of using
this information to assess the largest size of events that might go undetected by
a given network. In an effort to demonstrate the capabilities of this threshold
monitoring technique, we have conducted a simulation experiment, which has
involved down-scaling the recorded signals of the 24 October 1990 Novaya

Zemlya explosion (mb = 5.6) by a factor of 1000 (i.e., 3 orders of magnitude).
The resulting NORESS, ARCESS and FINESA traces of this "mb = 2.6 event"
were added at hourly intervals to the actual recordings for a full data day, and
the threshold monitor was then applied. The results demonstrated that every
one of these 24 "events" were clearly identifiable on the threshold trace. While
this clearly gives a very simplified picture, it serves to document the excellent

monitoring potential of these three arrays for the Novaya Zemlya test site.

A significant part of our research effort has been directed toward the fur-
ther development of European high frequency arrays and high quality three-

component stations. The aim has been to provide for continuous transmission
of data (by satellite or land line) to NDPC and integration of this data stream
into the input base for the Intelligent Monitoring System (IMS). These efforts
have proceeded satisfactorily. During the reporting period, particular em-
phasis has been placed upon optimizing the GERESS beam deployment (in
cooperation with Ruhr University scientists) and completing the integration
into the network of the KSP and SFP stations in Poland. All of these network
stations are scheduled for participation in the 1991 GSETT-2 experiment.
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The multichannel statistical data processing algorit~ims described in previ-
ous NORSAR Semiannual Technical summaries have now been integrated into
the Event Processor system currently in operation at NORSAR. A description
of the program and som3 of the recent results are provided. At present, these
algorithms are used only experimentally, in an offline fashion, but plans to
start testing them in an operational environment have been made.

Results are presented from a two-dimensional finite difference approach to
modeling seismic wave propagation in the crust. These results are based on a
cooperative effort with scientists at the IBM Bergen Scientific Centre. In the
generation of synthetic seisniograiz., a homogeneous crust of thickness 30 km
and P_1 = 6.5 km/sec has been used as a basis, with options for perturba-
tion comprising multilayering, piece-wise linear velocity gradients as well as
large-scale discontinuities. Randomized scattering effects have so far not bceen
considered. It appears that the synthetics generate all major phases, but with
a relatively weak body-wave coda generation compared to real seismograms.
The introduction of scatterers is expected to be of importance in remedying
this problem, and will be the subject of future investigations.

An overview is presented of results related to determining the crustal thick-
nesses in Fennoscandia. A detailed contour map (2 km contour intervals) has
been developed for the entire region. In view of the extrensive sediment de-
posits, a map of the crystalline crustal thicknesses is also presented for the SW
part of the area. In general, the oldest parts of the Baltic Shield exhibit the
greatest crustal thicknesses (in som," areas exceeding 50 kin). In the offshore
Norway areas, the crystalline thicknesses are of the order of 15-20 ki, while
the sedimentary overburdens can exceed 10 km. An interesting observation is
that the Moho depth variation appears to have a counterpart in the spatial
distribution of earthquakes in the Fennoscandian region.

In the current IMS implementation of the threshold monitoring meth,,., a
limited number of specific target sites are monitored. These sites inclure sev-
eral mines in Scandinavia and Western Russia, along with the Novay .emlya
and Semipalatinsk nuclear test sites. We have now initiated a s' ,'.y to de-
termine how this method could be applied to monitoring more r dfensive geo-
graphical regions. The key to achieving this is to develop "generic" relations
for attenuation and magnitude correction factors for seismic phases ef interest,
and to deploy a sufficient number of beams to ensure adequate coverage. So
far, we have developed preliminary relations and corrr,,Ion factors for the Pn
and Lg phases. These "generic" relations are based upon systematic analysis
of several hundred phase observations of regional eents in various geographi-
cal areas. The results are applicable to Northe: v Europe and adjacent regions.
Factors that remain to be assessed in detail .iclude the effect of uncertainties
in reference ML magnitudes for the events in the data base and the effect of
signal loss in the array beamforming.

iv



Using the "generic" amplitude relations described above, we have gen-
erated a very extensive beam set for a short test interval using NORESS,
ARCESS and FINESA data. The results of TM processing for this time pe-
riod, which are presented in the form of regional threshold maps, are very
encouraging, and indicate that this is indeed a potentially very useful exten-
sion of the concept. However, an "operational" implementation might require
computer processing capacity of about an order of magnitude greater than is
currently available on a Sun Workstation (type Sparc station 1).

A43 See~ I
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1 Summary

This Semiannual Technical Summary describes the operation, maintenance
and research activities at the Norwegian Seismic Array (NORSAR), the Nor-
wegian Regional Seismic Array (NORESS) and the Arctic Regional Seismic
Array (ARCESS) for the period 1 October 1990 - 31 March 1991. Statistics

are also presented for additional seismic stations, which through cooperative
agreements with institutions in the host countries provide continuous data
to the NORSAR Data Processing Center (NPDC). These stations comprise
the Finnish Experimental Seismic Array (FINESA), the German Experimental
Seismic Array (GERESS), and two 3-component stations in Poland: Ksiaz and
Stary Folwark. This Semiannual Report also presents statistics from operation
of the Intelligent Monitoring System (INIS). The IMS has been operated in an
experimental mode using NORES and ARCESS data, and the performance
has been very satisfactory.

The NORSAR Detection Processing system has been operated through-
out the period with an aveiage uptiie of 98.6% as compared to 98.0% for the
previous reporting period. A total of 1837 seismic events have been reported
in the NORSAR monthly seismic bulletin. The performance of the contin-
uous alarm system and the automatic bulletin transfer by telex to AFTAC
has been satisfactory. A system for direct retrieval of NORSAR waveform
data through an X.25 connection has been implemented. and has been tested
successfully for acquiring such data by AFTAC. Processing of requests for
full NORSAR/NORESS data on uuinlluetic tapes has progressed according to
established schedules.

On-line detection processing and data recording at the NORSAR Data

Processing Center (NDPC) of NORESS. ARCESS and FINESA data have
been conducted throughout the period, with an average uptime of 99.2% for
NORESS, 98.4% for ARCESS and 98.9% for FINESA. The Intelligent Mon-
itoring System was installed at NORSAR in December 1989 and has been

operated experimentally since 1 January 1990. Results of the IMS analysis for
the reporting period are given.

There have been no modifications made to the NORSAR data acqu sition
system. The process of evaluating and testing technical options for ref-.chish-
ment of the array is continuing.

The routine detection processing of NORESS, ARCESS and FINESA is
running satisfactorily on each of the arrays' SITN-3/280 data acquisition sys-
tems. The routine processing of FINESA data at NORSAR is similar to what

is done in Helsinki. GERESS data acquisition and detection processing has
been conducted in an experimental mode during the period, in a way similar
to what is done in Bochum.



Maintenance activities in the period comprise preventive/corrective main-
tenance in connection with all the NORSAR subarrays, NORESS and ARCESS.
In addition, the maintenance center has been involved with occasional main-
tenance of equipment for FINESA and preparatory work in connection with
the two stations in Poland. Other activities involved testing of the NORSAR
communications systenis.

We have continued our work aimed at evaluating the stability of RMS Lg
for yield estimation purposes. We have carried out a detailed RMS Lg anal-
ysis of NORSAR recordings of Novaya Zemlya underground explosions, and
in addition conducted similar analysis of Gr~ifenherg (GRF) array recordings
(available after 1976). The results show a tight clustering in M(Lg) of 13
NORSAR-recorded explosions after 1976, and GRF data of the 27 Sep 78 ex-
plosion, for which no NORSAR data are available, indicate that this event is
of similar size. The correslpondence between M(Lg) for NORSAR vs GRF is
excellent, with an orthogonal standard deviation of only 0.02-0.03 magnitude
units. This correspondence fully matches the excellent results previously ob-
tained for S-mipalatinsk explosions, and conirnis the promise of RMS Lg as
a stable estimator of relative yields.

The concept of threshold monitoring, introduced by Ringdal and Kvrerna,
is a method of monitoring the seismic amplitude levels for the purpose of using
this information to assess the largest size of events that might go undetected by
a given network. In an effort to demonstrate the capabilities of this threshold
monitoring technique, we have conducted a simulation experiment, which has
involved down-scaling the recorded signals of the 24 October 1990 Novaya
Zemlya explosion (mob = .5.6) by a factor of 1000 (i.e., 3 orders of magnitude).
The resulting NORESS, ARCESS and FINESA traces of this "mb = 2.6 event"
were added at hourly intervals to the actual recordings for a full data day, and
the threshold monitor was then applied. The results demonstrated that every
one of these 24 "events" were clearly identifiable on the threshold trace. While
this clearly gives a very simplified picture, it serves to document the excellent
monitoring potential of these three arrays for the Novaya Zemlya test site.

A significant part of our research effort has been directed toward the fur-
ther development of European high frequency arrays and high quality three-
component stations. The aim has been to provide for continuous transmission
of data (by satellite or land line) to NDPC and integration of this data stream
into the input base for the Intelligent Monitoring System (IMS). These efforts
have proceeded satisfactorily. During the reporting period, particular em-

phasis has been placed upon optimizing the GERESS beam deployment (in
cooperation with Ruhr University scientists) and completing the integration
into the network of the KSP and SFP stations in Poland. All of these network
stations are scheduled for participation in the 1991 GSETT-2 experiment.

2



The multichannel statistical data processing algorithms described in previ-
ous NORSAR Semiannual Ted,nical summaries have now been integrated into
the Event Processor system currently in operation at NORSAR. A description
of the program and some of the recent results are provided. A! ore '-nt, these

algorithms are used only experimentally, in an offline fashion, b,,t plans to
start testing them in an operational environment have been made.

Results are presented from a two-di., nal finite difference approach to
modeling seismic wave propagation in the ci. . These results are based oil a
cooperative effort with scientists at the IBM Bergen Scientific Centre. In the

generation of synthetic seismograms, a homogeneous crust of thickness 30 kin
and P_1j = 6.5 km/sec ha.s been used as a basis, with options for perturba-
tion comprising multilayering, piece-wise linear velocity gradients as well as
large-scale discontinuities. Randomized scattering effects have so far not been
considered. It appears that the synthetics generate all major phases. but with
a relatively weak body-wave coda generation compared to real seismograms.
The introduction of scatterers is expected to be of importance in remedying
this problem, and will be the subject of future investigations.

An overview is presented of results related to determining the crustal thick-
nesses in Fennoscandia. A detailed contour map (2 km contour intervals) has
been developed for the entirc region. In view of the extrensive sediment d"-
posits, a map of fhe crystalline crustal thicknesses is also presented for the SW
part of the area. In gen, ral, the oldest parts of the Baltic Shield exhibit the
greatest crustal thicknesses (in somn areas exceeding 50 km). In tle off.diore
Norway areas, the crystalline thicknesses are of the order of 15 20 kn. v-hile
the sedimentary overburdens can exceed 10 kin. An interesting observation is
that the Moho depth variation appears to have a counterpart in the spatial
distribution of earthquakes in the Fennoscandian region.

In the current IMS implementation of the threshold monitoring method, a
limited number of specific target sites are monitored. These sites include sev-
e, al mines in Scandinavia and Western Russia, along with the Novaya Zemlya
and Semipalatinsk uclear test sites. 'Ae have now initiated a study to de-

termine how this method could be applied to monitoring more extensive geo-

graphical regions. The key to achieving this is to develop "generic" relations
for attenuation and magnitude correction factors for seismic phases of interest,
and to deploy a sufficient number of beams to ensure adequatc coverage. So
far, we have developed preliminary relations and correction factors for the Pn
and ILg phases. These "generic" relations are based upon systematic analysis
of several hundred phase observations of regional events in various geographi-
Sal areas. The results are applicable to Northern Europe and adjacent regions.
Factors that remain to be assessed in detail include the effect of uncertainties
in reference ML magnitudes for the events in the data base and the effect of
signal loss in the array beamforming.
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Using the -generic" amplitude relations described above, we have gen-

erated a very extensiv beam set for a short test interval using NORESS.

ARCESS and FINESA data. The results of TM processing for this time pe-

riod, which are i)resented in the form of regional threshold maps, are very

etcouraging, and indicate that this is indeed a potentially very useful exten-

sion of tibe concept. Hlowever, an "operational" implement ation might require

computer processing capacit v of about an rder of magnitu de greater than is

currently available on a Sun Workstation (type Sparc station I).
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2 NORSAR Operation

2.1 Detection Processor (DP) operation

Th'ere have been 48 breaks ini the otherwise muitiiiloiis operation of the NOR-
SA R online systenm within the curreiit (;-month reportinginterval. The uptinie
percen.tage for the periodl is 9)S.6 as coimpa red to 9N .0 for thle previou s period.

Fig. 2.1.1 and t ie ac'conilianyilig Table'2. 1.1 both show tile daily DP~ down-
time for the days between 1 October 1990 adi 31 March 1991. The monthly
recording times and percentages are given in Table 2.1.2.

True breaks can be grouped as follows:

a) Hardware failure 8
b) Stops related to pirogram wo~rk or error 2
c) Hardware maintenance stops 6
dI) Power jnnmps and bjreaks 0
e) TlOD error correction 0
f ) Coin iicat ion linces 32

Thie total downtime for tie period was 86 hours annh : minutes. The
moe(ai-tiii-between-failuires (MITIF) was 4.1 days, as compared to 3.2 for the
previouis period.

J1. Torstveit
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Fig. 2.1.1 D~etection Processor down~timev for October (top), November (mid-
die) and December (bottom) 1990,



Fig. 2.1.1 Detection Processor downtime for January (top), February (mid-

dle) and March (bottom) 1991.
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Date Time Cause
.................................................................

5 Oct 0032-0146 Hardware failure NDPC
6 Oct 1656-1758 Hardware failure NDPC
9 Oact 1216-1252 Hardware failure NDPC

10 Oct 1304-1314 Hardware failure KDPC
11 Oct 0042-0144 Hardware failure NDPC
It Oct 0754-1006 Hardware maintenance NDPC
20 Oct 1624- Hardware failure NDPC
21 Oct -1043 Hardware failure NDPC
22 Oct 2300- Hardware failure NDPC
23 Oct -1245 Hardware failure NDPC
16 Nov 0855-0903 Hardware maintenance NDPC
21 Nov 1801-1850 Hardware failure NDPC
28 Nov 0120-0140 Operator error NDPC
29 Nov 1515-1534 Hardware failure NDPC
4 Dec 1212-1223 Hardware maintenance NDPC
1 Jan 1037-1351 Software work (new year)

3 Jan 1017-1023 Hardware maintenance NDPC
21 Feb 1620- Hardware failure NDPC

22 Feb -0855 Hardware failure NDPC

Table 2.1.1 The major downtimes in the period 1 October 1990 31 March
1991.
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Month DP Uptime DP Uptime No. of No. of Days DP MTIIF*
Hours % DP Breaks with Breaks (days)

OCT 90 705.52 94.83 12 10 2.3
NOV 90 717.58 99.61 11 8 2.5
DEC 90 743.55 99.96 4 4 6.2
JAN 91 740.33 99.51 7 7 3.9
FEB 91 655.08 97.48 11 7 2.3
MAR 91 719.88 99.98 3 3 7.-5

98.56 4S 39 4. 1

M1ean- time- between- fail ures = total uptimne/no, of up) iterIas.

Table 2.1.2 Online systemn performance. 1 October 1990 31 March 1991.



2.2 Array cornnu nicat ions

General

Table 2.2.1 reflects thle performiance of the commu nications system through-
out the reportinhg period.

The most, commoon VVlIOS Which hiave affected tite NOIISA R array have
been: damaged comniniicat ions cables, loss of slibarray power, irregularities

in the NTA transmtission systems and incorrect line level.

Detailed summary

Octobr (twcks 40 44). 1.10 4.11.90

01 A was affect ed liv a bad coilmmiunIicat ions cable ( week 44 ). 01 13 was
affected by a collinllil neat ions cable 6Ihautuged 1w excavation (weeks 40 -11).
A.\lo the 02C' colniiiicatiotis (able %%;i Alected for thet same reason (wAeek
16). In addiltioniii had loW svtiloleli (week 1t) iii connlect ion with 012B. 02C
and Us6C-

Nor nbr C(it (. k. ;5 ls. 5,11 2.12. 90

SI A res iined opera tion Gi Nove m her. 0111 was affected ap proxi matolY G

liours week 4-5, cause niot slatted. 02C7 re'sumed operation 20 November after
comniiiicationis cable repair liv NPA /latiar. t)-1( wa~s affected 2. 21 anid
28 November iii conitleioil a it li anl ircegiiharity v ieweenll hamar and Flverum,

includin ta chanuge tci spare t raiisiol equipmrent . 06C7 was affectedl weeks
-5, 45 and~ 47, reason utnkniowni

Vrcccmlxr (iiuks, 19 532), J -A. 12.90

03C7 and 06(7 were affected duirinig t his periodl; 03C7 weeks 49 and 52, 06(7
weeks 51 atud 52. Ini order to improve the 03C7 performance NTA/Lillestrom
raised the level towards Kjeller by 3.5 dBln. 06C7 resumned operation after a
Modcomp restart 27 December.

January (tucks 1-5), 31.12.90 3.1.91

Wee k I thIiree snt a rna vs wkere af(fected : 0211 31 1an~ula rv iii coltnec tion withI a
..ahedlld !llovetlluent to allothIer ti causltissioll groupl~. 4 5 Janutary due to power
failuIre: 02C7 4 January 11v1an 03C 4 5 .1 i 11ar 'v, probtably caulsed by interrupt in
relatedl toi N'TA eqIlliputiltt Ill Week 2 (s Jaualry) 02C7 data disappeared.
ACCOrditig to N'FA/ILillestriu a cablle was damnagedl in connection with road
Work. Ott 10 Januuary tile cable was repaired. fin Week 3 (18~ January)f power
to 02B3 again failed. After repair andl replacemtent (if the main fuses, the SUEM
was fin allyv reset 2:3 .1a itIIary. [hel( sublarray then againt dlivered data. 03(7
lost synchronuizatioil 23 Janutary. After a Modrmp restart, sync was again

10



established.

February (weeks 6-9), 4.2-3.3.91

In this period 4 subarrays were affected: 02B, 02C week 9; 03C weeks 7
and 9; and finally 06C weeks 7, 8 and 9. There were short interruptions in

NTA transmission equipment/lines, which again resulted in sync problems.

March (weeks 10-13), 4-31.3.91

The subarrays 0213, 02C and 06C were affected 1 March, and 03C on 3
March. All were resynchronized ,4 March after a Modcomp restart. A com-
munications cable damaged by an excavation 4 March resulted in loss of data
from subarray 03C. 5 March the cable was repaired.

O.A. Hansen
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Sub- j Oct 90 (5) Nov 90 (4) Dec 90 (4) Jan 91(5) Feb 91 (4) Mar 91 (4) Average
arrays 1.10-4.11 5 11-2.12 3-30.12 31.J2.90-3.2.11 4.2-3.3 4-31.3 1/2 year
01A )*"0.0019 4"0.0030 0.0006 0.0006 0.0009 0.0007 0.004
011 1)*0.00,10 0.896 0.001 0023 0,0008 1'-0.002 0.160
0211 0 364 0.025 001l 1 )*0 00ooi 3*.0010 *0,458 0.145
02C :)*0.0002 0 0002 0.0009 *0 .17 "'0 003 *0.448 0.150
03C 0008 0.00.1 '0.002 '2)*) u002 '*0.027 *0.448 0.081
Oi1C 0.003 1 17 0.001 0.001 0.002 0.001 0.200

*0 011 -'2.398 -'*0.0006 0.003 )')*0.0007 *0.343 0.459
AVER 0.063 0.61 0.002 0.06S 0,006 0.213 0.171

*See Section 2,2 regarding figures prece.d by an ah~risk
Figures representing error rate (in per centi jir.ceded by a number 1), 2). etc., are related to
legnd below.

I1[I ,.l.) Average 4 weeks (.0-43/90), (1-5/91)
2),A).7).13)14),171 Average 3 weeks (42-14.46-48/90), (6-810-13/91)
3) 

6
),8) 9).1o) 1) Average 2 weeks (41-42,45-47,49-51/90), (2,5.8/91)

5),16) Average I week (48/90), (6/91)

Table 2.2.1 Communications performance. '[he numbers represent error rates
in per cent based on total transmittod frames/week (1 October 1990 31
March 1991).
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2.3 Event detection operation

In Table 2.3.1 some monthly statistics of the Detection and Event Processor
operation are given. The table lists the total number of detections (DPX)
triggered by the on-line detector, the total number of detections processed by
the automatic event processor (LPX) and the total number of events accepted
after analyst review (teleseismic phases, core phases and total).

Total Total t,.cepted events
DPX EPX P-phases Core phases Sum Daily

Oct 90 11300 1381 211 70 281 9.1
Nov 90 12225 1411 2,11 64 305 10.2
Dec 90 14158 1471 283 62 345 11.1
Jan 91 12849 1354 206 59 265 8.5
Feb 91 12025 1,197 201 43 247 8.8
Mar 91 11200 1409 329 65 394 12.7

1474 363 1837 10.1

Table 2.3.1. Detection and Event Processor statistics, I October 1990 - 31
March 1991.

B. Paulsen
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3 Operation of Regional Arrays

3.1 Recording of NORESS data at NDPC, Kjeller

Table 3.1.1 lists the main outage times and reasons, and as can be seen the
[ain reasons for tihe outages are hardware failure at the HIUB and software
failure al NDPC.

The average recording ti ie was 99.2V iv, contpared to 92.9VY for the pre-
violis period.

.................................................................

Date Time Cause
.2.Oct.....-0914..........Service................at......HUB.....

12 Oct 0910-0914 Service at HUB
12 Oct 1025-1033 Service at HUB
18 Oct 0103-0145 Timing failure HUB
19 Oct 0068-0151 Timing failure HUB

22 Oct 1238-1259 Service at HUB
1 Nov 0850-0911 Line failure

14 Nov 0840-0845 Service at HUB
16 Nov 0037-0045 Line failure
21 Nov 2034-2104 Software failure
22 Nov 0600-0608 Software failure
23 Nov 2316-2352 Software failure
24 Nov 0921-0943 Software failure
26 Nov 2029-2216 Software fail-re
26 Nov 2300- Software failure
27 Nov -0621 Software failure
28 Nov 1159-1354 Power failure HUB
28 Nov 1430-1711 Power failure HUB
3 Dec 0810-0824 Hardware failure NDPC
8 Dec 2200-2205 Software failure

18 Dec 0855-1029 Line failure
24 Dec 0534-0549 Line failure
31 Dec 2035-2045 Line failure
9 Jan 1045-1112 Service at HUB

11 Jan 1225-1228 Service at HUB

14



20 Jan 2101-2105 Line failure
20 Jan 2112-2117 Line failure

20 Jan 2132-2135 Line failure
6 Feb 2238-2242 Line failure
2 Mar 0100-1325 Software failure

..................................................................

Table 3.1.1. Interruptions in recording of NORESS dataat NDPC, 1 October
1990 - 31 March 1991.

Monthly uptimes for the NORESS on-line data recording task, taking into
account all factors (field installations, transmissions line, data center opera-
tion) affecting this task were as follows:

October : 99.8%
November : 97.8%
December : 99.6'A

January : 99.9%
February : 100.0%
March : 98.4%

Fig. 3.1.1 shows the uptime for the data recording task, or equivalently,
the availability of NORESS data in our tape archive, on a day-by-day basis,

for the reporting period.

J. Torstveit
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Fig. 3.1.1. NORFSS data recording uptinie for October (top), November
(middle) and December (bottom) 1990.
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3.2 Recording of ARCESS data at NDPC, Kjeller

The main reasons causing most of the ARCESS outage in the period are:
Ilard ware failure at NI)P( aid Ii e failure. Outage intervals are listed in
Tableh.2.i.

Iie av (rage recorditng tinc was JS.,t 1 as conipar ed to 95.67 for the pre-
viol s period.

Date Time Cause
... Oct.0..-0438 Power....................break...........HU......

5 Oct 0413-0438 Power break HUB

5 Oct 0456-0S23 Power break HUB

5 Oct 0629-0723 Power break HUB
5 Oct 1321-1620 Instaling UPS at HUB
5 Oct 2038-2236 Instaling UPS at HUB
7 Oct 0743-0756 Software failure

10 Oct 0810-0911 Software failure
10 Oct 2138-2220 Software failure

13 Oct 1410-1511 Software failure
14 Oct 1120-1232 Software failure

15 Oct 1100-1133 Software failure
19 Oct 1603-1644 Software failure
22 Oct 1333-1534 Hardware failure
23 Oct 1355-1406 Software failure

25 Oct 0650-0834 Software failure
25 Oct 0034-1606 Software failure
9 Nov 0034-0107 Software failure

10 Nov 1900-1929 Software failure
13 Dec 0315- Line failure
14 Dec -1845 Line failure
31 Dec 2310- Line failure

1 Jan -0001 Line failure
7 Feb 0952-1025 Hardware failure

14 Feb 2141-2238 Hardware failure
16 Feb 0026-0130 Hardware failure
17 Feb 1144-1149 Hardware failure
17 Feb 1602-1657 Hardware failure



17 Feb 1708-1738 Hardware failure
18 Feb 1259-1311 Hardware maintenance
19 Feb 1031-1038 Hardware failure

19 Feb 1234-1238 Hardware failure
19 Feb 1451-1507 Hardware failure
19 Feb 1556-1759 Hardware failure
19 Feb 1839-1910 Hardware failure
21 Feb 1725-1741 Hardware failure
21 Feb 2300- Hardware failure
22 Feb -0721 hardware failure

22 Feb 1008-1012 Hardware failure
22 Feb 1032-1058 Hardware failure
22 Feb 1113-1123 Hardware failure
22 Feb 1144-1155 Hardware failure

23 Feb 0825-0832 Hardware failure
26 Feb 0715-0736 Hardware maintenance
6 Mar 1142-1209 Software maintenance
6 Mar 1214-1245 Software maintenance

Table 3.2.1. The main interruptions in recor(ling of ARCESS data at NDPC,
1 October 1990 -- 31 March 1991.

Monthly uptimes for the ARCESS on-line data recording task, taking into
account all factors (field installations, transmissions line, data center opera-
tion) affecting this task were as follows:

October : 98.2%
November : 99.9%
December : 94.6%
January : 100.0%
February : 98.2%
March : 99.9%

Fig. 3.2.1 shows the uptime fcr the data recording task, or equivalently,
the availability of ARCESS data in our tape archive, on a day-by-day basis,
for the reporting period.

J. Torstveit
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3.3 Recording of FINESA data at NDPC, Kjeller

The main reason for downtime ot the FINESA array in the period are line
failure, either between Norsar and Helsinki or between Ilelsinki and the field
installation.

The average recording tirie was 98.9% as compared to 39.0% for the pre-
vious period.

Date Time Cause

3 Oct 0823-0844 Line failure
3 Oct 0902-0907 Line failure
3 Oct 0917-1034 Line failure
4 Oct 1115- Line failure
5 Oct -0627 Line failure

15 Oct 1604-1615 Line failure
27 Oct 0241-0340 Line failure
31 Oct 2322- Line failure
1 Nov -0530 Line failure

10 Nov 1750-1757 Line failure
12 Nov 1014-1104 Line failure
13 Nov 0753-0757 Line failure
19 Nov 2215-2230 Line failure
20 Nov 0029-0045 Line failure

19 Dec 2215-2230 Line failure

20 Dec 0029-0045 Line failure
11 Jan 0651-0705 Line failure
16 Jan 1233-1257 Line failure
19 Jan 0810-0817 Line failure
19 Jan 0846-0853 Line failure
20 Jan 2306- Line failure
21 Jan -0118 Line failure

24 Jan 0119-0744 Line failure
13 Feb 0832-0849 Line failure

25 Feb 1240-1245 Line failure
7 Mar 2010-2017 Line failure

12 Mar 2232-2238 Line failure
24 Mar 1006-1200 Hardware failure

22



26 Mar 0920-1739 Hardware failure
27 Mar 0624-0757 Hardware failure
27 Mar 1043-1349 Hardware maintenance

..........................................------------------------

Table 3.3.1 The main interruptions in recording of FINESA data at NDPC,
1 October 1990 - 31 March 1991,

Monthly uptimes for the FINESA on-line data recording task, taking into
account all factors (field installations, transmissions line, data center opera
tion) affecting this task were as follows:

October : 97.0%
November : 99.8%

December : 99.9%
January : 98.77,
February : 99.9%
March : 9 7.8%

Fig. 3.3.1 shows the uptine for the data re(ording task, or equialhnfl.y.
the availability of FINESA data in our tape archive, on a day-by. day bais.
for the reporting period.

J. Torstveit
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3.4 Event detection operation

This section reports on results from simple one-array automatic processing
using signal processing recipes and the 'ronap' recipes for the ep program, as
described in NORSAR Sci. Rep. No. 2-88/89.

IMS results are reported in Section 3.5.

NORESS dct(rtions

The number of detections (phases) reported during day 274, 1990, through
day 090. 1991. was 39990, giving an average of 220 detections per processed
day ( 182 days processed).

Table 3.4.1 shows daily and hourly distribution of detections for NOB ESS.

E'rnfs automnatically located by NORESS

Du;ing days 274, 1990, through 090, 1991, 2298 local and regional events
were located by NOR ESS, based on automatic association of P- and S-type
arrivals. This gives an average of 12.6 events per processed day ( 182 days
processed). 5N 7c of these events are within 300 kin, and 87 /, of these events
are within 1000 kin.

A I?( "S. d(tc tions

The number of detections (phases) reported during day 274, 1990, through
day 090, 1991, was tI1359, giving an average of 354 detections per processed
day (182 days processed).

Table 3.4.2 shows daily and hourly distribution of detections for ARCESS.

Evcnts automatically located by A RCESS

During days 274, 1991, through 090, 1991, 3,146 local and regional events
were located by ARCESS, based on automatic association of P- and S-type
arrivals. This gives an average of 18.9 events per processed day (182 days
processed ). 53 % of these events are within 300 kin, and 86 % of these events

are within 1000 ki.

FINESA detections

The number of detections (phases) reported during day 274, 1990, through
day 090, 1991, was 60547, giving an average of 333 detections per processed
day (182 days processed).

'Fable 3.4.3 shows daily and hourly distribution of detections for FINESA.
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Events automatically localfd by FINSA*

During days 274, 1990, through 090, 199), 3ts:0 I-d and rezi,mial ;'t

were located by FINESA, based on autoinatic a-sowiatiozn of P' and 1, it
arrivals. This gives an average of 21.1 events per proces~ed da i-2~ "2a
processed). 72 % of these events are within 300 kim. awd 'cx Xt of th.'e. .

are within 1000 km.

GERESS detections

The number of detections (phases) reported during day 274, 1990, throughi
day 090, 1991. was 21480. giving an average of 185 detections per processed
day ( 116 dlays processed).

Table 31.4.1 shows dails and h di 1tnrnlbiti,,n of detections for GERESS.

E,f s auttoyai ly hwat d 1(011 1.S I1 ,1<h

Ilnriiig da~s 292. t~ii ). ihr gii 0110. Pic . I i 1,, -6 ;iAnd, r4eviona, % i',t t

were located ln (RIS lojswd on indIit t;n'4I .n -

arrivals. This givs an avrare ,f 10 \,[ r d i ,a II 1...-
processed). 68 'X of these venins ap ,n i wn kw. mi 1 ~i 4 nhn
are within 1000 kmn.

J. Een
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3.5 IMS operation

The Intelligent Monitoring System (IMS) was installed at NORSAR in De-
cember 1989 and has been operated experimentally since 1 January 1990 for
automatic processing of multiple-array data. The current version of IMS pro-
cesses data from the two-array network consisting of NORESS and ARCESS.
An upgrade of IMS scheduled for mid-91 will allow data from additional arrays
and single stations to be incorporated.

In general, our routine operation of the IMS during the reporting period
has progressed well, and the system has proved to be very powerful and flex-
ible. The well-developed automatic processing combined with very versatile
interactive tools has kept the analyst workload at a low level, and in fact only
one analyst has been required to handle the regular processing at any time.

Since the IMS is still in an initial stage, there have naturally been some
problems of a technical nature, hut the~e have diminished considerably as the
system has matured.

Table 3.5.1 presents an overview of IMS event processor downtimes. Table
3.5.2 gives a summary of phase detections and processed regional events by
IMS. From top to bottom, the table gives the total number of detections by
the IMS, the detections that are associated with regional events declared by
the IMS, the number of detections that are not associated with such events,
the number of regional events declared by the IMS, the number of such events
rejected by the analyst, the number of events accepted by the analyst, the
number of events accepted by the analyst without any changes, and finally the
number of events accepted after some sort of modification by the analyst. This
last category is divided into two classes: Events where phases (not detected
by the IMS) have been added by the analyst and events for which the phase
assignments by ihe IMS have been changed or one or more phase detections
have been removed.

From initial review of the IMS bulletin, it is clear that the final output is of
very high quality from a seismological point of view. More detailed evaluation
will be conducted at a later stage.

B.Kr. Hokland
U. Baadshaug
S. Mykkeltveit
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1990 Oct 1 00:00:00.000 - 1990 Oct 2 00:00:00.000

1990 Dec 11 05:52:10.200 - 1990 Dec 11 14:34:29.600

1991 Feb 7 22:00:00.000 - 1991 Feb 8 08:00:00.000

1991 Feb 13 12:00:00.000 - 1991 Feb 14 10:00:00.000

1991 Feb 14 23:00:00.000 - 1991 Feb 16 03:00:00.000

Table 3.5.1. IMS event processor (pipeline) downtimes.

Oct 90 Nov 90 Dec 90 Jan 91 Feb 91 Mar 91 'ota!

Phase detections 18011 15578 18127 19012 15652 1385.1 100264
- Associated phases 2618 2664 2325 2715 2255 29.13 15520
- Unassociated phases 15393 12914 15802 16327 13397 10911 8-1744
Events declared 991 1048 913 1156 957 1126 6191

- Rejected events 192 229 215 246 213 174 1269
- Accepted events 799 819 698 910 744 952 4922

Unchanged events 239 227 166 262 227 263 1384
Modified events 560 592 532 648 517 689 3538

Phases added 39 48 41 48 54 61 291
Phases changed or removed 521 544 4101 600 463 r28 3247

Table 3.5.2. IMS phase dotections and events summary.
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4 Improvements and Modifications

4.1 NORSAR

NORSA R data acquisition

No modification has beeji made to the NORSAR data acquisition system.

A ORSA, R detection procssing

The NORSAR detection procesor has been running satisfactorily on the
IBM during this reporting period.

l)etection statistics are given in sectiou 2.

NORSA R i (i't procs.uiqm.

There are no changes in the routine prolessilig of NORSAR events, using
the 11M system.

ORSA R upgral(

Testing of new digitizer systeiris has been go ing on. It is now clear that
it .ill be possible to transmit sufficient DC power through existing cables to
operate mjodern 21 bit digitizers att le romote sites.

The strategy for upgradin g the N()RS.XR s vstent is to continue testing of
available 24 bit digitizer systems to evalual Aieir performance, and within
the coiing year to acqilire cro illlllis data froin one suiarray.

In parallel with hardware testing. lier is at need to reanalyze NORSAR
miiaster events to generite a new data base of timre delay corrections.

4.2 NORESS/ARCESS/FINESA/GERESS

D! tction pro"cs.siy

The routine detretion p roce,,sing of the array data is running satisfactorily
on each of the arrays" St'N-:3/2,',0 tcluisitiou systems. The same program
is used for NORSAR. NORIESS. ARI('l;SS, IINESA, arnd GERESS, but with
different recipes. The beanm tablc,.' for NOlI ESS and ARCESS are found in
NOIRSAR Sci. Rep. No. 1-89/90. The beamn table for FINESA/GERESS is
found in NORSAR Sci, Rep. No. t-90/!11.

)etectioni statistics are given it) section 3.

16~



During this reporting period, two new three-component stations have been
installed in Poland. KSP is located at Ksiaz (50.8°N, 16.3°E), and SFP is
located at Stary Folwark (54.3'N, 23.31E).

Data acquisition for the two stations in Poland has been running during
test periods along with detection processing. Detection (STA/LTA) processihg
is performed on the vertical component using 13 different filter bands. Incoher-
ent detection processing has been tested on the horizontal components. The
subsequent signal processing is still in an experimental mode and is focusing
on the difficult problem of phase identification.

Event processing. Phase estimation

This process performs F-K and polarization analysis for each detection to
identify phase velocity, azimuth and type of phase, and the results are put
into the ORACLE detection data base for use by IAS.

Plot and epicenter determination

Descriptions of single array event processing are found in NORSAR Sci.
Rep. No. 2-88/89 and NORSAR Sci. Rep. No. 2-89/90.

J. Fyen
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5 Maintenance Activities

5.1 Activities in the field and at the Maintenance Center

This section summarizes the activities in the field, at the Maintenance Center
(NMC) Hamar and NDPC activities related to monitoring and control of the
NORSAR, NORESS, ARCESS, FINESA and GERESS arrays. The recently
installed stations in Poland were not fully operational by the end of March
1991, but data from these stations have been subjected to NDPC monitoring
during selected time intervals.

Activities involve preventive and corrective maintenance, and in addition
installation and testing of new equipment related to satellite communication
(P.W. Larsen, Poland, October 1990) and installation and testing of a new
UPS system (ARCESS, October 1990).

NORSAR

This array was visited in October and November 1990 and in January
and March 1991. Activities related to this array have been diverse, involv-
ing: preventive maintenance, cable splicing/location of cables, adjustment of
Channel gain and DC offset, RA-5 amplifier replacements, work on 02B (tel)
including channel VCO adjustment, battery replacement, SP/LP instrument
adjustments, and SLEM reset after power outages. Finnaly, there was work
in connection with testing of an RD-3 (Remote Digitizer) in conjunction with
the NORSAR upgrade activities.

NORESS

The NORESS array was visited in November 1990 and January 1991. The
satellite clock was replaced, the UPS reset and a test of the Megamux multi-
plexer was carried out.

ARCESS

This array was visited in October and December 1990 in connection with
installation of a new UPS (Uninterrupted Power Supply), replacement of a
seismometer cable, adjustment of fiber optic links between the hub and remote
sites, and restart and check of UPS equipment (Dec 1990).

FINESA

There were no visits in the period.

Poland

Satellite communication equipment was installed (October 1990).
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Details on all actitivites are presented in Table 5.1.

Subarray/ Task Date
area
NORSAR:
01A Preventive maintenance including adjustment of

channel gain, DC offset. Also cable work SP02 carried
out. 25 Oct

01B Preventive maintenance. Cable splicing SP04 9 Oct
02B Preventive maintenance. 26 Oct

02C Preventive maintenance. 24 Oct
03C Preventive maintenance. 26 Oct
04C Preventive maintenance. 29 Oct
06C Preventive maintenance. In addition, splicing of 10 Oct

cable SP02, 04 05.
ARCESS: Installed a new UPS. Replaced defective seismometer 1-7 Oct

cable at site B5. Adjusted all fiber links between
the hub and remote sites.

Poland: P.W. Larsen installed satellite communication 23-30 Oct
equipment.

NDPC: Daily status check of all arrays Oct
Weekly calibration of NORSAR SP/LP instruments
Continuous measurement of Mass Position and Free
Period. Adjusted when outside tolerances

NORSAR:
OA Cable splicing, SP02 2 Nov

Cable splicing, SP05 5 Nov
06C Replaced RA-5 amplifier SP01 8 Nov

02C Visited the subarray in connection with communication 12 Nov
cable damage

02B(tel) Station 05 work, channel inoperative 28 Nov
NORESS: Replaced satellite clock. UPS reset. 13,19

Nov
NDPC: Daily status chck of all arrays. Nov

Weekly calibration of NORSAR SP/LP instruments
Continuous measurement of Mass Position and Free
Period

Table 5.1 Activities in the field and the NORSAR Maintenance Center, in-
cluding NDPC activities related to the NORSAR. NORESS, ARCESS and
FINESA arrays, I October 1990 31 March 1991.
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Subarray/ Task Date
area
ARCESS: Restart of UPS equipment 14,15

Dec
NDPC: Daily status check of all arrays. Dec

Weekly calibration of NORSAR SP/LP instruments
Continuous measurement of Mass Position and Free
Period
Adjustment of Mass Position and Free Period when
outside tolerances

NORSAR:
02B(tel) Adjusted V(CO, ch. 5 4 Jan
06C Adjusted SP/LP instruments 7 Jan
02B SLEM restart after power outage. 23 Jan
NORESS: Megamux installed in connection with a test. 9 Jan

Megamiux disconnected after test completed. 11 Jal
NDPC: Daily status check of all arrays. Jan

Weekly calibration of NORSAR SP/LP instruments 1991
Continuous measurement of Mass Position and Free
Period
Adjustment of Mass Position and Free Period when
outside tolerances

NMC: Work in connection with NORSAR upgrading Feb
NDPC: Daily status check of all arrays. Feb

Weekly calibration of NORSAR SP/LP instruments
Continuous measurement of Mass Position and Free
Period
Adjustment of Mass Position and Free Period when
outside tolerances

Table 5.1 (cont.)
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Subarray/ Task Date
area
NORSAR:
06C An RD-3 (Remote Digitizer) was tested on 6,10

channel 01 Mar
06C Replaced RA-5 amplifier ch 03 14 Mar
02B(tel) Replaced channel 4 battery. 7 Mar
NDPC: Daily status check of all arrays. Mar

Weekly calibration of NORSAR SP/LP instruments
Continuous measurement of Mass Position and Free
Period
Adjustment of Mass Position and Free Period when
outside tolerances

Table 5.1 (cont.)

5.2 Array status

As of 31 March 1991 the following NORSAR channels deviated from toler-
ances.

01A 01 8 Hz filter
02 8 Hz filter
04 30 dB attenuator

O.A. Hansen
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6 Documentation Developed
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pographic P-to-Rg scattering near the NORESS array, Bull. Seismn. Soc.
Am., 80, 1969-1986, 1990.

Dahie, A., Ii. Bunguni and L.B. Kvanioie: Empirically derived PSV spectral
attenuation models for intraplate conditions, Euroxfan Earthql. Eng.,
submitted for publication.

Havskov, J., L.B. Kvamnme. R.A. Hansen, If. Bungumn and C.D. Lindholm:
The Northern Norway Seismic Network: D~esign, operation and results.
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phy, Geophys. Res. Lett., iii press.

Nlvkkeltveit, S. (Ed.): Basic Scisynological lhsorchJ, I October 1989 .90
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1-90/91, Kjeller, Norway.

L.B. Loughran

52



7 Summary of Technical Reports / Papers Published

7.1 RMS Lg analysis of Novaya Zemlya explosion recordings

Introduction

In recent years, much attention has focused upon the use of the seismic Lg
phase to determine the yield of underground nuclear explosions. In the first of a
number of Lg studies undertaken by the NORSAR staff during the 1980s, Ring-
dal (1983) analyzed digital NORSAR Lg data of selected Sernipalatinsk events.
He found that, when using NORSAR RNIS Lg instead of P waves recorded at
NORSAR to estimate source size, it was possible to eliminate effectively the inag-
nitude bias relative to worldwide mb observed at NORSAR between Degelen and
Shagan River explosions. The method consisted of averaging log(RMS) values
of individual NORSAR channels, filtered in a band of 0.6 to 3.0 lIz in order to
enhance Lg signal-to-noise ratio. Ringdal and Hokland (1987) expanded the data
base and introduced a noise compensation procedure to improve the reliability of
measurement at low SNR values. They were able to identify a distinct P-Lg bias
between the Northeast and Southwest portions of the Shagan River Test Site, a
feature that was confirmed by Ringdal and Fyen (1988) using Grfenberg array
data. Ringdal and Marshall (1989) combined P- and Lg-based source size esti-
mators to estimate the yield; of 96 Shagan River explosions from 1965 to 1988,
using data on the cratering explosion of 15 January 1965 as a reference for the
yield calculations.

Hansen, Ringdal and Richards (1990) analyzed available data from stations in
China and the Soviet Union, and found that RMS Lg of Semipalatinsk explosions
measured at these stations showed excellent consistency. They concluded that
for explosions at Semipalatinsk with good signal-to-noise ratio, mb(Lg) may be
estimated at single stations with an accuracy (one standard deviation) of about
0.03 magnitude unit. It is noteworthy that this accuracy was consistently oh-
tained for a variety of stations at very different azimuths and distances, even
though the basic parameters remained exactly as originally proposed by R.ingdal
for NORSAR recordings (0.6 3.0 liz bandpass filter, RMS window length of 2
minutes, centered at a time corresponding to a group velocity of :t, kin/s).

In this paper we apply Ringdal's method to NORSAII and Grafenbhrg record-
ings of Novaya Zemlya explosions. This initial study focuses on tile Northern
Novaya Zemlya test site, and we will only cConsider explosions occurring after
1976.

Data

The data base for this study comprises seismic recordings at NORSAR and
Grifenberg for 18 presumed underground nuclear explosions at Novaya Zemlya
from 1976 through 1990.
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The NORSAR array (Bungum, Husebye and Ringdal, 1971) was established
in 1970, and originally comprised 22 subarrays, deployed over an area of 100 km
diameter. Since 1976 the number of operational subarrays has been 7, comprising
altogether 42 vertical-component SP sensors (type HS-10). In this paper, analysis
has been conducted using data from these 7 subarrays. Sampling rate for the
NORSAR SP data is 20 samples per second, and all data are recorded on digital

magnetic tape.

The Grifenberg array (Harjes and Seidl, 1978) was established in 1976, and
today comprises 13 broadband seismometer sites, three of which are 3-component
systems. The instrument response is flat to velocity from about 20 second period
to 5 Hz. Sampling rate is 20 samples per second, and the data are recorded on
digital magnetic tape.

Fig. 7.1.1 shows the Lg propagation paths from Novaya Zemlya to the two
arrays. The distance and azimuth are 2200 km and 256 degrees to NORSAR.
compared to 3300 km and 213 degrees to Grifenberg. Both paths cross the Bar-
ents Sea, and as observed by several authors (see Baurmgardt, 1990), this implies
significant Lg blockage effec:is. The result is particularly visible on NORSAR
records, which show relatively weak Lg energy compared to the P and Sn phases.

Examples of VORSAR recordings of one of the explosions are shown in Fig.
7.1.2. We note that this (as well as most of the other events analyzed) exhibits
signal clipping of both P and Sn. This is a result of the very strong seismic
signals recorded at NORSAR for Novava Zemlya explosions, in combination with
the limited dynamic range of the digital recording system. For this reason, we
have chosen to measure the RMS Lg at NORSAR by selecting a 2-minute window
in the Lg coda, starting at 10 1/2 min after the origin time of the event (see the
figure). Previous studies of Semipalatinsk explosions have shown that the RMS
method is not very sensitive to the exact positioning of the time window, as long
as it is kept the same for all events analyzed.

On Fig. 7.1.2, we have also indicated a two-minute P coda window, which we
have used to calculate NORSAR P coda magnitudes for the explosions, using the
array RMS method. The P coda window starts 6 minutes after the event origin
time.

In Fig. 7.1.3 we show an example of (RF recordings of one of the explosions.
Here, the dynamic range is sufficient to avoid any clipping, and we have selected
a two-minute window which includes the main Lg energy, starting 16 minutes
after event origin time.

A nalysis re.sults

Applying the RMS measurement technique using our standard filter band
(0.6 3.0 1Iz) and averaging over array elements as described by Ringdal and
|fokland (1987). we arrive at results listed in Tables 7.1.1 through 7.1.3.
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Table 7.1.1 gives our results for NORSAR P-coda magnitudes, using the time
window indicated on Fig. 7.1.2. A constant correction factor has been added to
the log(RMS) values to make these coda magnitudes consistent, on the average,
with world-wide mb.

Table 7.1.2 covers the NORSAR Lg results, and shows that RMS Lg can
be estimated for all the events processed, including two events below mb = 5.0
(events 2 and 4). (For the 27 Sep 78 explosion, no NORSAR data are available.)

Table 7.1.3 gives corresponding Lg results for the Grafenberg array. Here, the
smallest of the events (Event 4) had too low SNR to allow reliable measurements.

The mb values listed in Tables 7.1.1 through 7.1.3 are taken from Lilwall
and Marshall (1986) for events up to 1984, and have been calculated from NEIC
station reports for later events.

Fig. 7.1.4 shows a comparison of world-wide mb and NORSAR P coda mag-
nitudes, We note that the correspondence is excellent (orthogonal standard de-
viation is only 0.027). Thus the NORSAR recordings appear to provide a very
stable measure of mb for events from this test site.

Figs. 7.1.5 and 7.1.6 are scatter plots comparing world-wide mb to NORSAR
and Grafenberg RMS Lg magnitudes. We note that there is a considerable scatter
in both of these plots. In particular, it appears that the majority of events have
almost the same M(Lg), whereas the mb values vary from below 5.7 to above 6.0
for this group.

It is especially interesting to note that NORSAR M(Lg) deviates significantly
from m, whereas NORSAR P coda corresponds very closely to nb.

Fig. 7.1.7 shows a scatter plot of Graifenberg versus NORSAR M(Lg). The
correspondence is excellent, with an orthogonal standard deviation of only 0.035.
The scatter is further reduced (to 0.025) if we consider only events with at least
5 available GRF channels (Fig. 7.1.8). Thus, we obtain the same close corre-
spondence between Lg observations from these two arrays for Novaya Zemlya
explosions as has previously been observed for Semipalatinsk events.

With the current lack of independently obtained calibration data, it would
be premature to draw any firm conclusions as to the relative accuracy of mb and
M(Lg) in estimating yields of these explosions. Nevertheless, it would appear
that the close grouping in M(Lg), especially seen for the NORSAR data, is un-
likely to be a coincidence. It would seem reasonable to conclude that this group
of explosions has very nearly the same yield, in spite of the divergence in m
estimates. However, additional analysis, in particular including available Lg data
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from Soviet stations for this event set, should be performed in order to further
test this hypothesis.

F. Ringdal
J. Fyen
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Ev Date Origin time mb NCH Noise STD Pcoda STD CORR m(Pcoda)

01 29/09/76-273:03.00.00.00 5.77 40/42 1.867 0.064 3.133 0.049 3.132 5.732
02 20/10/76-294:08.00.00.00 4.89 40/42 1.933 0.066 2.405 0.048 2.378 4.978
03 01/09/77-244:03.00.00.00 5.71 34/41 1.777 0.062 3.151 0.045 3.150 5.750
04 09/10/77-282:11.00.00.00 4.51 40/41 1.908 0.066 2.139 0.047 2.046 4.646
05 10/08/78-222:08.00.00.00 6.04 33/39 1.862 0.066 3.352 0.046 3.352 5.952
06 27/09/78-270:02.05.00.00 5.68 '00/00 0.000 0.000 0.000 0.000 0-000 0.000
07 24/09/79-267:03.30.00.00 5.80 38/39 1.852 0.059 3.182 0.050 3.182 5.782
08 18/10/79-291:07.10.00.00 5.85 28/39 1.918 0.050 3.222 0.050 3.221 5.821
09 11/10/80-285:07.10.00.00 5.80 32/38 1.911 0.060 3.176 0.041 3.176 5.776
10 01/10/81-274:12.15.00.00 5.91 20/39 1,959 0,063 3.282 0.037 3.282 5.882
11 11/10/82-284:07.15.00.00 3.52 27/40 1.828 0.085 2.952 0.050 2.951 5.551
12 18/08/83-230:16.10.00.00 5.84 25/39 1.776 0.054 3.170 0.054 3.169 5.769
13 25/09/83-268:13.10.00.00 5.71 24/39 2.148 0.055 3.125 0.052 3.123 5.723
14 25/10/84-299:06.30.00.00 5.77 28/41 1.932 0.063 3.144 0.066 3.143 5.743
15 02/08/87-214:02.00.00.00 5.71 28/40 1.908 0.080 3.170 0.048 3.169 5.769
16 07/05/88-128:22.50.00.00 5.52 27/40 1.478 0.066 3.014 0.038 3.014 5.614
17 04/12/88-339:05.20.00.00 5.79 30/40 2.055 0.061 3.223 0.046 3.222 5.822
18 24/10/90-297:14.58.00.00 5.60 38/40 1.822 0.070 3.019 0.044 3.018 5.618

Table 7.1.1. NORSAR RNMS P coda magnitudes for events in the data base.

The table lists event number, origin (late and time, world-wide mb and a list of

measurements made in this study:

NCII : Number of NORSAR data channels used, and the total

number available

Noise : Array averaged log RMS values in a noise window

STD : Corresponding standard deviation across array
Pcoda : Array averaged log RMS values in the P coda window

STD : Corresponding standard deviation

CORR : Noise-corrected log RMS values of the P coda

m(Pcoda) : P coda magnitude derived by adding a constant term
to the noise-corrected values.
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Ev Date Origin time mb NCH Noise STD Lg STD LgCORR MLg(NAO)

01 29/09/76-273:03.00.00.00 5.77 40/42 1.867 0.064 3.161 0.065 3.160 5.770
02 20/10/76-294:08.00.00.00 4.89 40/42 1.933 0,066 2.479 0.065 2.461 5.071
03 01/09/77-244:03.00.00.00 5.71 34/41 1.777 0.062 3.147 0.065 3.147 5.757
04 09/10/77-282:11.00.00.00 4.51 40/41 1.906 0.063 2.278 0.059 2.235 4.845
05 10/08/78-222:08.00.00.00 6.04 33/39 1.862 0.066 3.174 0.057 3.173 5.783
06 27/09/78-270:02.05.00.00 5.68 *00/00 0.000 0.000 0.000 0.000 0.000 0.000
07 24/09/79-267:01.3C.00.00 5.80 38/39 1.852 0.059 3.170 0.063 3.169 5.779
08 18/10/79-291:07 1C.00.00 5.85 28/39 1.9i8 0.050 3.128 0.060 3.127 5.737
09 11/10/80-285:07 10.00.00 5.80 32/38 1.911 0.060 3.175 0.060 3.174 5.784
10 01/10/81-274:12 15.00.00 5.91 20/39 1.959 0.063 3.173 0.044 3.172 5.782
11 11/10/82-284:07.15.00.00 5.52 27/40 1.828 0.085 2.994 0.074 2.993 5.603
12 18/08/83-230:16.10.00.00 5.84 25/39 1.776 0.054 3.197 0.062 3.197 5.807
13 25/09/83-268:13.i0.00.00 5.71 24/39 2.148 0.055 3.189 0.047 3.187 5.797
14 25/10/ 4-299:06.30.00.00 5.77 28/43 1.932 0.063 3.196 0.075 3.195 5.805
15 02/08/87-214:02.00.00.00 5.71 28/4) 1.908 0.080 3.197 0.078 3.196 5.806
16 07/05/88-128:22.50.00.00 5.52 27/40 1.478 0.066 3.109 0.064 3.109 5.719
17 04/12/88-339:05.20.00.00 5.79 30/40 2.055 0.061 3.191 0.053 3.190 5.800
18 24/10/90-297:14.58.00.00 5.60 38/40 1.822 0.070 2.996 0.058 2.995 5.605

NOTE: The M(Lg) values have been obtained by adding a constant correction
term (2.610) to the noise corrected log RMS Lq values. This correction term
is preliminary, and may be subject to later revision.

Table 7.1.2. NORSAR }IMS Lg magnitudes for events in the data base. The

structure of the table is analogous to Table 7.1.1. The rightmost column lists the

NORSAR M(Lg) values.
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Ev Date Origin time mb NCH Noise STD Lg STD LgCORR MLg(GRF)

01 29/09/76-273:03.00.00.00 5.77 02/04 1.118 0.086 2.025 0.035 2.022 5.799
02 20/10/76-294:08.00.00.00 4.89 03/04 1.318 0.047 1.435 0.041 1.245 5.022
03 01/09/77-244:03.00.00.00 5.71 03/04 1.023 0.007 2.C97 0.021 2.095 5.872
04 09/10/77-282:11.00.00.00 4.51 -03/04 1.223 0.008 1.255 0.085 0.000 0.000
05 10/08/78-222:08.00.00.00 6.04 05/13 1.223 0.069 1.988 0.102 1.982 5.759
06 27/09/78-270:02.05.00.00 5.68 06/13 1.270 0.132 1.896 0.114 1.883 5.660
07 24/09/79-267:03.30.00.00 5.80 07/13 1.217 0.097 2.053 0.118 2.048 5.825
08 18/10/79-291:07.10.00.00 5.85 10/13 1.350 0.100 1.905 0.116 1.887 5.664
09 11/10/80-285:07.10.00.00 5.80 13/13 1.350 0.128 1.968 0.115 1.955 5.732
10 01/10/81-274:12.15.00.00 5.91 08/13 1.416 0.069 2.019 0.099 2.006 5.783
11 11/10/82-284:07.15.00.00 5.52 13/13 1.291 0.121 1.828 0.120 1.808 5.585
12 18/08/83-230:16.10.00.00 5.84 12/13 1.214 0.122 2.066 0.135 2.062 5.739
13 25/09/83-268:13.10.00.00 5.71 13/13 1.126 0.103 2.004 0.145 2.000 5.777
14 25/10/84-299:06.30.00.00 5.77 13/13 1.382 0.131 2.069 0.124 2.060 5.-37
15 02/08/87-214:02.00.00.00 5.71 12/13 1.033 0.138 2.035 0.147 2.033 5.810
16 07/05/88-128:22.50.00.00 5.52 12/13 1.018 0.162 1.881 0.148 1.877 5.654
17 04/12/88-339:05.20.00.00 5.79 13/13 1.195 0.147 2 038 0.128 2.034 5.811
18 24/10/90-297:14.58.00.00 5.60 08/13 1.452 0.214 1.817 0.150 1.773 5.550

NOTE: The M(Lg) values have been obtained by adding a constant correction
term (3.777) to the noise corrected log RMS Lg values. This correcti., term
is preliminary, and may be subject to later revision.

Table 7.1.3. Grifenberg RMS Lg magnitudes for events in the data base. The

structure of the table is analogouis to Table 7.1.1. The rightmost column lits the
Griifenberg M(Lg) values.
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Lg propagation paths

D--220O1O km 'ovaya Zemlya

Az=256

D=3300'km
~Az=243

N D=00k SemiD=420akmiGOk

7 GJ3 ENBERG D=70k

Az=297/

EAST LONGITUDE (DEG)

Fig. 7.1 .1. Map showing the Lg propagation paths fromn the mnain Soviet tost
sites NovaYa Zemlya and Se iipatlatinisk) to the NOIISAi1 and Gr~ienberg arrays.
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NORSAR___________ __

Noise P coda L9

4 7307.18 07.20 07.22 07 2-0 01 26 07.28 73 73 73

- t C-25 7 ' 2.0.00 .0 0 0/:2/9, 12.t 07 \20Ik,

Fig. 7.1.2. V,,Xample of NORSAR recordings of ar Novay ar Zemlya explosion (I I
October 1980). 'rhe, center instrumnent of each of the 7 siibarrays is displayved.
covering 2.5 minutes of unfiltered (dita. '[he positioning (of time windows used for
RlMS Lg, Pcoda and noise measuremenits is indicated, Note thle clipping of tile
initial P and thlit also the. S phase,;( is cloise to exceeding filie dynamic range.
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GRAFENBERO _______________

--- -t -r--.---.

Noise Lq

Fig. 7.1.3. Example of (;r~fenberg recordings of a Novaya Zeni'va explosion
(I September 1977). 'Fli figure shows 201 minutes of unfiltered data from the
three compsonents of the Al seisinompter site and the vertical-component A2
and A.3 instruments. Note that the horizontal components have not been used
in our analysis. The positioning of time windows used for RMS Lg and noise
measurements is indlicate(].
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S=0.87 1=0.74 u=0.027 N=17

6.0 -,
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4.8 ,
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4.4 4.8 5.2 5.6 6.0
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Fig. 7.1.4. Plot of NORSAR RMS P coda mb versus world-wide mb for events
in the data base. The straight line has been obtained by least-squares regres-
sion with respect to the horizontal axis, and the stippled lines correspond to
plus/minus two standard deviations. The slope (S), intercept (1), orthogonal
standard deviation (a) and number of data points (N) are listed on the figure.
Note the remarkably close correspondence between the two estimators.
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S=0.70 1=1.73 u=0.061 N=17

6.0-

5.6 -
__ 5.4 -.

5.

4.6

4.4 4.8 5.2 5.6 6.0
Mb

Fig. 7.1.5. Plot of NORiSAR. RMS Lg magnitude versus world-wide mb. Note the
much greater scatter in this plot compared to Fig. 7.1.4. Notational conventions

are as in Fig. 7.1.4.
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S=0.70 1=1.73 cT=0.081 N=17

6.0 - .

5.8-
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S5.4

o5. 0

4.8

4.6
4.4

4.4 4.8 5.2 5.6 6.0
mb

Fig. 7.1.6. Plot of Greifcnberg [IIMS Lg magnlitude versus world-wide 11b. rh
scatter is comparable to Fig. 7.1.5. Notational cflventiols are as in Fig. 7.1.4.

65



S=1.08 1=-0.44 U=0.035 N=16

5.8 -/

5.6 /
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4.4 4.8 5.2 5.6 6.0

NAO Lg

Fig. 7.1.7. PlIot of (rifviah, -- susi NORSARI RNIS ILg magnitudes for all
COrn m ini ii IltS. .Notp tile cose ' -Iomicv i althoughi out, point in particunlar
(Event :1) appears to be ;in oiitl~r. Notatinial coliveit ions areas in Fig. 7.1.,1.
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S=1.18 1=-1.08 g=0.025 N=13

6.0 -/

5.8 /

5.6

~5.2 -/1
CD/

4.8 -//

4.6/

4.41
4.4 4.8 5.2 5.6 6.0

NAO Lg

Fig. 7.1.8. Plot of Grafenberg versus NOPSAR RMS Lg magnitudes, using only
events for which at least .5 GRF channels were available. Notational conventions
are as in Fig. 7.1.4. Note tha. the orthogonal standard deviation is as low as
0.025. Also note that in spite of the very small range of magnitudes, the two
arrays show mutually consistent trends.
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7.2 Threshold monitoring of Novaya Zemlya:
A scaling experiment

Introduction

In the previous NORSAR Semiannual Technical Summary, Kvaerna and Ring-
dal (1990) presented results from a one-week experiment in continuously mon-
itoring the Northern Novaya Zemlya test site. Data from the three regional
arrays NORESS, ARCESS, FINESA were used to calculate the thresholds, using
the method of Ringdal and Kvwrna (1989). The location of these three arrays
relative to the test site is shown in Fig. 7.2.1.

In that one-week study, it was found that the test site could be consistently
monitored at a very low magnitude level (typically mb = 2.5). In fact, every single
occurrence of the threshold exceeding mb = 2.5 could be explained as resulting
from an interfering event signal either from teleseismic or regional distance.

While these results are very encouraging, there is clearly much work remaining
to be done before the concept of threshold monitoring is sufficiently well under-
stood. In this paper. we attempt to illuminate the concept further by describing
a simple experiment, involving down-scaling of recorded signal traces of the 24
October 1990 explosion at Novaya Zemlya and simulating what might have been
observed on the threshold traces if such a down-scaled event had in fact occurred.

Scaling of the 24 October 1990 explosion

The explosion of 24 October 1990 had a world-wide mb = 5.6. Recorded
array traces of this event are shown in Fig. 7.2.2, where also the P-wave SNR
(STA/LTA) on each filtered array beam is indicated. Our scaling procedure
consisted simply of dividing each trace by a factor of 1000 and adding these
down-scaled traces to actually observed recordings at various points in time.

Two examples of such "down-scaled" signals superpositioned on noise are
shown in Fig. 7.2.3 and 7.2.4. The first of these figures covers a "low noise"
interval (local night time), whereas the second figure corresponds to "high noise"
(local day time). In the first case, the P phase is readily seen on all three arrays,
and the S phase at ARCESS is also prominent. In the second case, the phases
are far less clear, although the ARCESS P and S still have good SNR.

Before proceeding, we pause briefly to note that a down-scaling by a factor
of 1000 in cffect reduces the event mb by 3 orders of magnitude. In this sense,
the down-scaled event corresponds to m6 = 2.6. We have not attempted to apply
any source scaling law for signal frequency, partly in order to maintain simplicity.
Furthermore, such scaling laws, while certainly important, are not sufficiently
well known to apply with any degree of c.ofidence.

Moreover, it should be noted that any shift toward higher signal frequencies,
as would be a natural consequence of applying frequency scaling, would only tend
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to improve the signal-to-noise ratios of these high-frequency arrays. Thus, our
procedure can be considered as conservative with respect to estimating detection
capability.

Simulation of threshold monitoring

Turning now to tne actual data, we selected a typical 24-hour time period
(day 104/1991), and added the down-scaled signal at hourly intervals in order to
get a picture of the effect under different noise conditions. A total of 24 identical
signals were thus added at different times.

Fig. 7.2.5 shows the "actual" threshold trace (day 104) for Novaya Zemlya,
developed exactly as described in detail by Kvairna and Ringdal (1990) for the
one-week monitoring experiment. We note that there is only one peak signifi-
cantly exceeding m6 = 2.5; this corresponds to a large teleseismic earthquake (m
= 6.0) from the Ryuku Islands.

Fig. 7.2.6 shows the resulting trace for that same day after adding the down-
scaled signals and recomputing the threshold trace. We note that all of the 24
occurrences stand out clearly on the plot. Thus, if an explosion of mb = 2.6 had
indeed occurred at Novaya Zemlya that day, and assuming that the scaling is
representative, there would have been clear indications on the threshold trace of
such an explosion.

Discussion

We emphasize that this study is only intended to give an illustration of the
potential of the threshold monitoring method, and that clearly more data and
additional analysis is required to assess the situation in more detail. With our
procedure of scaling by a constant factor in amplitude, we have, for example,
not considered signal variance, which might contribute to a greater variability in
the size of the amplitude peak, although the effect is not expected to be very

significant.

An interesting observation is the way in which threshold monitoring comple-
ments the traditional detection/location type monitoring: Let us for a moment
assume that an mb = 2.6 explosion had in fact occurred at Novaya Zemlya, and
that the resulting signals were similar to the scaled-down signals used here. It
might well be that such an explosion would not have been detected and located by
the regional array network. In fact, during daytime noise conditions (Fig. 7.2A)
there would very likely have been only one or two confident pha.;P detections (Pn
and possibly Sn at ARCESS), and this is not sufficient to locate in the traditional

network sense.

Nevertheless, as seen in this paper, such an explosion would have been clearly
indicated on the network threshold trace. It would not have been possible to
explain this peak as resulting from some "different" event (as was always the
case for such peaks in the Kvarna and Ringdal (1990) study). Thus, a peak
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of this type would be a prime candidate for further detailed off-line analysis,
possibly implying efforts to acquire additional data in order to further elucidate
the nature of the event.

T. Kvaerna
F. Ringdal

References

Kvaerna, T. and F. Ringdal (1990): Continuous threshold monitoring of the
Novaya Zemlya test site, Semiannual Tech. Sunmary, I Apr - 30 Sep 1990,
NORSAR Sci. Rep. 1-90/91, Kjeller, Norway.

Ringdal, F. and T. Kvxrna (1989): A multichannel processing approach to real
time network detection, phase association and threshold monitoring, Bull.
Scism. Soc. Am., Vol. 79, 1927-19,10.

70



Novaya Zemlya

70.0

S65.0
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Fig. 7.2.1. Location of the target area (Novaya Zemlya) for the threshold mon-
itoring experiment. The locations of the three arrays NORESS (A = 2280 kin),
ARCESS (A =1I110 ki) and FINESA (A = 1780 kin) are indicated.
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Novaya Zemlya explosion 24 October 1990, mb = 5.6 -- Original recordings
..........' I .. . . . .

2.1 5E . 5 
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P beam

1.1 1E-05135H
ARCESS I_________

FINESA SNR 2189 JJL .u - ,, J. . .. ... . . 2-4 Hz
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Fig. 7.2.2. P- and S-wave recordings (filtered array beams) at ARCESS, FINESA
and NORESS for the Novaya Zemlya nuclear explosion of 24 October 1990. The
SNRs of the detecting P-beams are also given.
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Novaya Zemlya explosion scaled to Mb 2.6 -- Nighttime noise conditions
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Fig. 7.2.3. "Down-scaled- signals from the Novaya Zemolya nuclear explosion of
24 Ortober 1990 superimnposed on noise during a "low noise" intei 'al. The origin
time of the simulated "event" is 1991/101/00.30.00.
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Novaya Zemlya explosion scaled to Mb =2.6 -- Daytime noise conditions
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Continuous threshold monitoring of Novaya Zemlya -- Day 104, 1991

a) Observed threshold traces

.1 .. 5...... .. 3 ,5

ARCESS .. 2...5

-5

FINESA

NORESS - - 1 5
Ryuku Islands earthquake (Mb a.5)

Network . ......- 2

. .920 ,22 0 .0222000 2.0 0,O.0 0OO 05.000.00 000 . 00 0

Fig. 7.2.5. Threshold monitoring of the Novaya Zemlya test site for day 199 / 10,
(14 April 1991). The top three traces represent thresholds (upper (0 per cent
magnitude limits) obtained from each of the three arrays (ARCESS, FINESA,
NORESS), whereas the bottom trace shows the combined network thresholds.
Note that for the network trace there is only one magnitude peak exceeding 2.5.
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Continuous threshold monitoring of Novaya Zemlya -- Day 104, 1991

- b Simulated threshold traces: mb = 2.6 explosion added at hourly Intervals

. . . . . .. . . . . . . . .. . . .. . .. . . .. . . .. ...... .... ... . . .. .. . ... . . ... . . . . ... . ... . - 3 ,5

ARCESSI .... . .

7
FINESA LA dthJdS~ia 2 5i

1.35

NORiESS 2

II

Network 2.5

CI3I II.3 .000 c 000000 O0900.00.0 120000.000 15.00 00.00M 18 30.00.000 2. 00,00.000

199 Q- Q:. 00.OO.0 00

Fig. 7.2.6. Same as Fig. 7.2.5, but with down-scaled signals superimposed on
the data at hourly intervals. Note that all occurrences of the simulated m&, = 2.6
events clearly stand out on the combined network trace.
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7.3 Current status of development of the regional network asso-
ciated with the NORSAR Data Processing Center

The purpose of this contribution is to summarize the status of development and
future plans for the regional network in northern Europe that contributes seis-
mic data in real time to the NORSAR Data Processing Center. The network is
shown in Fig. 7.3.1 and currently comprises the NORESS and ARCESS arrays in
Norway, the FINESA array in Finland, the GERESS array in Germany, and the
two 3-component stations at Ksiaz and Stary Folwark in Poland. Also summa-
rized in this contribution is the current status of development of the Intelligent
Monitoring System (IMS) and plans for the near future.

The new 3-component stations in Poland

A description of the two 3-component stations at Ksiaz and Stary Folwark in
Poland is given by Mykkeltveit and Paulsen (1990). The current system, compris-
ing field installations in Poland and associated telecommunications arrangements
for real time transmission of data to NORSAR, is shown schematically in Fig.
7.3.2. The system is fully operational as of April 1991, and will enable Poland to
take an active part in the GSETT-2 (Group of Scientific Experts' Technical Test
number 2) experiment during 22 April - 2 June 1991.

During the fall of 1991, the telecommunication links will be rearranged to
include also a satellite ground station in Warsaw for real time reception of data
from the two stations in Poland. A Sun Sparcstation-based data acquisition and
processing system is also planned for installation at the Institute of Geophysics
in Warsaw. It is expected that this will effectively contribute to the broadening
of the scientific cooperation between NORSAR and the Institute of Geophysics in
Warsaw. Such cooperation is needed in order to acquire relevant information on,
e.g., seismicity and wave propagation characteristics in Poland and surrounding
areas, for integration into the IMS knowledge base.

The NORESS, ARCESS, FINESA and GERESS arrays

A comprehensive description of NORESS and ARCESS is given in Mykkeltveit
et al (1990). These array have been in stable and continuous operation since they
were installed in 1984 and 1987, respectively. The uptime statistics provided in
the present and past issues of the NORSAR Semiannual Technical Summaries
testify to this. There are no plans for any significant modifications to these
arrays.

The performance of the somewhat smaller, technically less sophisticated, yet
very powerful FINESA array in Finland has recently been described by Uski

(1990). Considering the simplicity of the FINESA field installation, its opera-
tional stability since the upgrade of the data acquisition system in December 1989
has been remarkable. There are no immediate plans for modifying the FINESA
system.
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The GERESS array in German Bavaria has been described by Harjes (1990).
Results from the processing of GERESS data at NORSAR have been presented
by Fyen (1990). Although the quality of data received at NORSAR is not yet
entirely satisfactory, the data are being processed continuously and also used
experimentally by INIS (see below). The GERESS field system developer is cur-
rently concentrating on solving remaining technical problems. Cooperative efforts
between NORSAR personnel and scientists from the Ruhr University in Bochum,
Germany, currently focus on optimizing the GERESS beam deployment. Again,
active cooperation is needed for the purpose of supplementing the IMS knowledge
base.

Data from all four arrays will be contributed to the GSETT-2 experiment,
along with data from about 50 other single stations and arrays worldwide. This
will provide another excellent opportunity to assess the capability of NORESS-
type arrays for detection of weak seismic events at both regional and teleseismic
distances.

The Intelligent Monitoriug 5ysi n

IMS is a system for joint processing of data from a regional network of arrays
anl single 3-component stations. IMS has been described in detail by Bache et
al (1990), and initial results from operating the system are given by Bratt 0t al
(1990). IMS is distributed between NORSAR and the Center for Seismic Studies
(CSS) in Arlington, Virginia, as indicated in Fig. 7.3.2.

The first version of IMS provides for joint processing of data from NORESS

and ARCESS. This version has been in operation at NORSAR since January
1990, and event statistics are reported in the Semiannual Technical Summaries.
The analysis at NORSAR of regional events for the GSETT-2 experiment is
carried out using IMS in its current version.

The IMS system developer SAIC is currently operating an upgraded version
of IMS at CSS. This new version allows processing of data from an arbitrary
number of arrays and single 3-component stations. Since March 1991, data from
NORESS, ARCESS, FINESA and GERESS are jointly and experimentally pro-
cessed at CSS. According to current plans, this new version of IMS will be in-
stalled at NOlRSAR during the summer of 1991.

S. Mykkeltveit
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Fig. T.3.1. The figure shows the network of regional arrays and single 3-
component stations in northern Europe conti buting real time data to NORSAR.
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7.4 Multichannel statistical data processing algorithms in the
framework of the NORSAR event processing program pack-
age

The NORSAR interactive data processinig package was developed for the anial-
vsi s of steal! aperture s-isinic array observationis. T[his package, called the

Event Processor ( EP), has turned out to be a very' convenient tool for the dailv
product ion of a seismnic bulletin. The smnall aperture seismnic arrays NORESS,
ARCESS. FINE-SA arid GERESS and their associated data processing facili-
ties are constructed for alit omatic recording. loc-ationi arid classification of low

miagn it udle regional events, anrid iueditn 11110agiitide t eleseisro ic evenits. Sig-

nial detection is performred iii ani onl inte riiode. whereas paraltiet er est irnat ion

can be performed as an ofihine proceduire usig recorded rmultichianriel seistnrc

wavotraiis. .Now. at NOIISAR the ;iitoriialic s y stenl is in full operation, pro-

vid(intig ser snuc si gnal dlet ec tion as well ats si gnial para meter esti mation . Thles.

paraltiters are: ouset tine. aimthiti appairenit veloci t v, dlomnanrit frequniicy,

signail-to-noij5C ratio atul so on.

This automlatic S ' steni is oplers t ci at a liiw thIireshol d arid inrevi tably piro-

dluces riurnorolii "false alairtls . i.e., --evenits" caused byv noise bursts. The

current seistmic builletini is issiuoI afteur an initerpretation of thle (]ltection list,

whic lia o y be effectively perfortined using thle initeract ive Event Processing
( ElP) package. 'Ihe E P progratin has, a uirtiber (if graphic routines arid itnter-

faces for wo rk wilt fiN (It S AIl dat a bases. It also otri p r-is sorrie soli ist (-at ed

5011 rat her titii-coirsiiurig (lata prore'sig programs which at p~re'sent cannot

he iuseid in autoriiat ic or onlinte pirocessinig nunitle, i.., wit hout human con-

trol. in particular, adaptive statistical tiulticlianel (Iata processing progrrtns

have beetin inistalle'd re'ceritly iii thle framework oif the El' package. These pro-

grainos are based oti opt inial met hod 5 of iniul t ii rierisiorial ti re series analyvsis

described in Ku(sliiir (t uIII9~ W )s Ni Ksli r and( Lapshi n (19841), P isareriko

o al ( l9M7) arril Kisluiir 0I al ( 1990a. 19901)). They cotifprise the fctlowing
proced ices of seisinic arraY lot a processing:

1. Se'lectioni lft ihe array iiist rinititts ain( data t inie int erval to be processed.

? Vilt.'riuu anid resaintditiv oftI lie daota.

31. Tine-sui ft intg lif th hi~ iatirel warjvufornis with delay" s corresponinrg to a

gi ven azinni it h a nd anp parenit v.1 oritY o(f a pl anie Wave propagatinrg across
I ie array.

4. (ri trning of shifted wavr'forrins, i.e., reuriforrnng for a given azimuth
an(d apparent veIoc-it '.

5. Whitening oif th lie lxkgroutill noise by' adapijtive filtering (of the bearn
ouitpuit. 'This prolcvdulro provides sigrnal-to-rnoise ratio (SNR ) gain dhue
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to differences in signal and noise frequency contents, but it d:storts the
signal waveform.

6. Adaptive optimal group filtering (multichannel Wiener filtering) of the
array seismograms. This procedure permits high suppression of seismic
noise due to its coherency. Theoretically it provides maximum SNR gain
without any distortion of seismic signal waveform or frequency contents.

7. Adaptive detection of the distinct phases in single channel seismograms
or in the output traces of beamforming and optimal group filtering pro-
cedures. The detection procedure takes into account the difference be-
tween noise on one hand, and signal plus noise on the other, not only in
amplitude values but also in power spectra.

8. Seismic wave onset time estimation by detection of the moment in time

when the wavetrain statis'ical features are abruptly changed.

Array data processing using the procedures listed above is accomplished
in the framework of the EP system with the aid of a specially developed set
of commands. The major commands are named GRFADAPT, GRFFILT,

ESTDET, ESTONI, ESTON3. Description of these commands and examples
of performance are given below.

GRFADAPT and GRFFILT commands

The procedures 1-6 are carried out sequentially by each of two EP sys-
tem commands: GRFADAPT and GRFFILT. The GRFADAPT command,
unlike the GRFFILT command, contains additional adaptation algorithms
which have not been listed above. These algorithms are used before the exe-
cution of procedures 5 and 7 and accomplish adaptation to the current noise of
the beam whitening filter and the optimal group filter. During GRFADAPT
command execution, the processed data are regarded as "pure" seismic noise
and the autoregressive (AR) model of the beam noise time series and the mul-
tidimensional AR model of the array noise time series are estimated. Based on
these models, the whitening and optimal group filter coefficients are evaluated.
They are stored and used later during GRFFILT command execution.

GRFADAPT and GRFFILT command execution produces seven output
traces. The first four of them are the main resulting traces and the last three

auxiliary traces -- are needed to check the adaptation quality. These seven
output traces are placed on top of the EP system data stack (containing all
input and output time series during the data processing). The main traces
are:

1. Beam waveform composed of filtered and resampled channel traces for
a given azimuth and apparent velocity (OGF beam).
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2. Whitened beam waveform (OGF Wbeam),

3. Optimal group filter waveform calculated using filtered and resampled
channel traces as input for a given azimuth and apparent velocity (OGF
t-un),

4. Whitened optimal group filter waveform (OGF th-w).

The GRFADAPT and GRFFILT procedures also calculate the mean values
and variances of the listed output traces and of the input channel traces.

The important result of these calculations is the value of the ratios of the
adapative optimal group filter (AOGF) output variance to the beam waveform
variance and AOGF output variance to the averaged channel trace variance.
After GRFADAPT command execution the first ratio characterizes the relative
noise suppression by beamforming and optimal group filtering. Due to the
signal undistorting feature of these procedures (providled a plane seismic signal
wave is arriving with the given azimuth and apparent velocity), this ratio also
characterizes the relative SNR gain due to beamforming and the AOG filtering.

Using the GRFADAPT and GRFFILT commands, a report file is created
containing the input and output numerical parameter values and description
of the processed channel traces. Particularly, this report contains the value of
AOGF and the beamforming SNR gain ratio. An example of such a report is
shown in Fig. 7.4.1.

The format of the GRFADAPT command is given below:

grfadapt vel [apparent velocity, km/sec] azi [azimuth, degrees]
{filter type} [cutoff frequencies, Hz] factor [resampling factor]

where {filter type} is one of the three character strings: lp, bp, hp, which

means low-pass, band-pass and high-pass filter types.

Before the GRFADAPT command is initiated, values af the associated
parameters have to be assigned. There are additional numerical parameters
which are not specified with the command, and which have the following de-

fault vaules:

1. Filter frequency response decay factor: ALPHA = 10- 1,

2. Filter impulse response one-side length: IRL = 15;

3. Order of beam noise AR model (number of beam-whitening filter coeffi-
cients): DARB = 10,

4. Number of input array data matrix autocovariance coefficients: LCRC
=6,
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5. Regularizator of matrix autocovariance function: REG = 10- 6 ,

6. Order of input array data multidimensional AR mode (one-side length
of the optimal group filter): DARGRF = 6,

7. Auxiliary parameters: DARARF = 10, DMARF = 20.

Assigning of alternative values for the parameters listed above can be done
by the

EP command:

gr [parameter name] [parameter value]

To check the current parameter setting before GRFADAPT and GRFFILT
command execution, one should use the EP command:

q gr

There is no need to enter any parameter valties before the GRFFILT com-
mand execution. The computations are carried out with numerical parameter
values and whitening and optimal group filter coefficients stored during the
previous GRFADAPT com mand exeuction.

The numerical results of the GRFADAPT commtoand execution are written
to the disk file GRFREPORT.OUTPUT by the command:

grfreport

The purpose of the array data processing using the GRFADAPT and GRF-
FILT procedures is to compute the adaptive, statistically optimal beam which
suppresses coherent and incoherent array noise, thus providing the maximum
SNR gain without distortion of the signal waveform. These procedures are es-
pecially efficient in the case when the signal and coherent noise power spectra
are overlapping. In this case they can provide mitch '. 'NR Fain than
bandpass filtering after conventional beam forming.

For this reason, in the first experiments with the (;IFADAPT and GRF-
FILT procedures in the framework of the FP system, we tried to learn how the
program parameter values inIfluence the A(;I' SN l gain relative to conveni-
tional beamforming SNR gain, whenl data at,, prcmssed ii a hroad frequency
band. The main prograii pararnetlers which inilitice the quiality of the epti
ral group filte.r adaptation ari, 1) the order of the iniput data multidimensional
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AR model, 2) the data frequency band and 3) regularizator of the data ma-
trix covariance function. Table 7.4.1 comprises the results of NORESS noise
processing. The 120 sec interval of array noise shown in Fig. 7.4.2 has been
used for optimal group filter adaptation.

As one can see from this table, increasing the input data multidimensional
AR model order leads to a strong increase of AOGF SNR gain. Neverthe-
less, it does not seem worthwhile to use a multidimensional AR model order
greater than 10 -12 because the adaptation proc,:dure becomes time consuming
and less stable (especially when a large number of array channels are used).
Choosing a higher frequency band leads to diminishing of AOGF SNR gain.
This can be explained by the strong colierency of the NORESS noise mainly
at low frequencies. Varying the regularizator value froui 0 to 10- practically
does not affect the AOCF SNH gain.

The GRFADAPT and GRFFILT commands were also tested by processing
some low magnitude local event records from the NORESS. ARCESS and
FINESA arrays. In these experiments the optitnal group and whitening filter
ada) tations were made using the array noise records preceding the seismic
signal wavetrains. The duration of the Ioise tiue intervals used for adaptation
were from 100 to 150 sec. The main piirpose of Ihese experiments was to learn
about possible differences in P, S and Lg wave phase extraction by different
array data processing algorithms such as conventional beaiforming, beani
output noise whitening. adaptive optimal group filtering and AOGF output,
noise whitening. What distinguishes these experiments from those described
in our previous reports (Kushnir ft ol, 1990a; Kushnir ct ol, 1990b) is the
processing of array data in different frequency bands: 0.2 5 lIz, 0.2- 1 lz.
and 0.2 -20 Iz. Table 7.A.2 comprises the ratios of AOGF out put SNR relative
to beatoforming output SNR and AO(;F outpit SNR relative to averaged
channel SNI for different phases beitig extracted fron 7 sinall local event
records. Each phase has been extracted from tile noise by tle conventional
beam and AOG F adjusted for the azitil lh and apparent velocity of this phase
arrival as given in the NORISAR detection list. One can see that in these
experinents the AOC F SNIi gain relative to tlie conventional beamforming
gain was betwen 16.2 and 24.5 d13 for the 0.2 5 liz frequency band, between
12.3 and 24.2 dB for the 0.2-10 Iz frequency band and around 10-11 dB for
the 0.2 20 liz frequency band. Note that the highest AOGF SNR gain of more
than 24 dlI was achieved on the FINESA records. This is due to the presence
in these records of strong, highly coherent, low frequeincy background noise
possibly caused by stormy seashoere waves. This noise has been suppressed by

tie AOGF procedure, but. not by conventional beanifortinig.

Examples of GRFAI)APT and (;IIFFILT output traces as the result of
event wavetrain and preceding noise processing are given in Figs. 7.4.3 7.4.5.
In some of these examples. the AOGF and whitened beam output wavetrains
are similar. One may conclude that the adaptive whitening procedure after
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conventional beamforming can provide the same results as the AOGF pro-
cedure (while being less time consuming). But this inference is true only for
body waves of local low magnitude events, which as a rule have high frequency
contents. Power spectra of surface waves and teleseismic body waves are often
overlapping with those of coherent seismic noise. In this case, the AOGF pro-
cedure has a strong advantage over other filtering procedures since it r-ains
the signal undistorted.

ESTDET command

Adaptive detection of distinct phases in the wavetrain is accomplished by
the EP command ESTDET. This piocedure is based on the optimal statistical
algorithm described in Pisar,nko et al (1987). D,. .ng the ESTDET command
execution the time interval of the data being processed is divided into two
parts. The data in the first inter,,al are regarded as "pure" noise and its
AR model is estimated ("noise AR model"). The data in the second interval
are presumed to contain the seismic phases. The detection of these phases is
carried out using a moving time window. The detection algorithm consists of
calculation of the simplified Bayesian test statistic for the hypothesis: a) the
AR mode! of time series inside the moving time w. dow is the same as the noise
AR modpl versus the hypothesis: b) these two models are different (hushnir t
al, 1983). The FSTDET program takes as input the wavetrain at the top of the
EP system data stack and produces nine new traces which iii turn are placed
on thc top of this data stack. Eight of these traces contain the values versus
time of the detection statistics calculated using datz in a moving time window.
These statistics are derived from four slightly different versions of the simplified
Bayesian test described above. The first four traces are the statistical 'alues
in logarithmic scale, the next four are thc same values in linear F.ale. The
ninth output trace is the auxiliary trace for noise AR modelling checking. The
detection triggering of the seismic phases is now performed in an interactive
mode by comparing the detection statistic value with the threshold chosen to
provide the acceptable false alarm rate. But it would dearly be straightforward
to develop a special EP command for automatic phase detection triggering.

The ESTDET command forniat is

estdet start (first point, sec.] end [last point., aec.]
w [window length, sec.) o [AR model order] noise

[noise interval length, sec.]

where "start" and "end" are the first and last points of the trace hei:.g pro-
cessed (in sec. relative to the initial point of this trace); "w- is the width of
the moving time window, "noise" is the length of the first part of the data
time interval used for the noise All model estimation.

Examples of EST)ET command oUt pult trIc: aWill input wavetrains are
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given in Figs. 7.4.6-7.4.8.

ESTONI and ESTON3 commands

The moving window detection procedure points out those time intervals
where seismic wave phases are present. The next stage of the signal processing

is an estimation of phase parameters. Among the most important parameters
needed for event source location are the wave phase onset times. For rough
estimates of these times, the moments of detection triggering may be used. But
for precise estimation of each phase onset time, special statistical procedures
have been developed (Pisarenko et al, 1987). In the framework of the EP
system, this procedure is realized as two commands: ESTONI and ESTON3.
The first command is intended for single component trace processing. This
may be the beam or AOGF output trace or a "raw" array single channel
wavetrain. The second command is intended for 3-component seismogram
processing with the purpose of onset time estimation. Both procedures are
based on maximum likelihood algorithms for estimation of the moment in
time when the time series AR model parameter values abruptly change. The
ESTONI procedure takes into account changing of the time series variance
and frequency contents at the moment in time when the seismic phase arrives.
The ESTON3 procedure also takes into account changs in the 3-dimensional
time series polarization features at this moment.

Both commands use the traces at the top of the EP system data stack as
input: ESTONI takes the upper trace, ESTON3 - the three upper traces.
Both commands produce one output trace containing the onset time likelihood
function calculated for data inside a given time interval. After command
execution, this trace is placed on the top of the EP data stack.

The ESTONI and ESTON3 command format is:

estonl(3) start [first point, sec.] end [last point, sec.]
w Unn. window length] o [AR model order]

where "start" and "end" are the first and last points of the wavetrain being

processed (in sec. relative to the initial point of the trace); "w" is the minimum
width of the data window for the AR model estimation. The onset time

likelihood function is calculated for the data inside the time interval (start +
w, end - w) (in sec. relative to the trace initial point).
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Examples of ESTONI output traces for different types of seismic wave
phases are given in Figs. 7.4.9-7.4.11. The onset time values given in these
figures as the arguments of the likelihood function absolute maximums coincide
very well with the results of visual interactive analysis using the EP system's

graphic options.

A.F. Kushnir, Int. Inst. of Earthquake Predic. Theory, Moscow, USSR
J. Fyen
T. Kvaerna
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Frequency Band Order of Multidimensional All Model
(l1z) 6 8 12

0.2 - 5 16.7 17.9 18.8
(20:3) (21.5) (22.4)

0.2 10 13.2 16.5
( 16.8) (20.2)

0.2 20 -141.0

Frequency Band Ilegularizator Value
liz) 0 l0-13 to-5 1-4

0.2 -5 18.9 18.8 18.7
(22.5) (22.4) (22.3)

0.2 - 10 16G. 5 -

(20.2)

0.2 - 20 1 -. 0 14.2
_____________(17.5) (17.6)

Table 7.4.1. Adaptive optimal group filtering SINR gain relative to bearnforming
for different values of the GR FADA PT procedure main parameters. Gain values
are given in dB, values in brackets are AOGF SNII gains relative to average
single array channel. The results are based upon using 120 sec NORESS noise
recordings shown in Fig. 7.4.2. T['le results of the upper table are obtained with
a regularizator 'aloe of 10-c. whe(rea;s an AlIt model order of 12 has been used
for obtaining the results in t he lower table.
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Event Array, Phase Gain Relative Gain Relative Frequency
Origin Distance (AR Model to Beam to Single Chan. Band
Time (km) Order) (dB) (dB) (Hz)

298:17.51.50 ARCESS P (12) 16.2 18.8 0.2-5
508.4

282:12.04.13 FINESA P (12) 21.7 23.3 0.2-5
287.9

P (12) 19.3 21.0 0.2-10
S (12) 19.6 21.6 0.2-5
S (12) 17.2 19.3 0.2-10
Lg (12) 17.3 19.4 0.2-10

294:09.13.00 FINESA P (12) 23.6 25.7 0.2-5
772.3

S (12) 21.0 23.7 0.2-5
Lg (12) 20.3 23.1 0.2-5

NORESS P (12) 18.8 22.9 0.2-5
1302.7

S (12) 16.6 21.1 0.2-5
Lg (12) 16.5 21.3 0.2-5

28:09.38.09 NORESS P (6) 16.0 19.6 0.2-5
1219.0

P (6) 12.3 16.1 0.2-10
P (6) 10.1 13.8 0.2-20
P (8) 10.9 14.6 0,2-20

FINESA P (12) 23.1 24.3 0.2-5
1771.0

Table 7.4.2. SNR gains of adaptive optimal group filtering relative to
beamforming based on processing of local event phases.
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Event Array Phase Gain Relative Gain Relative Frequency
Origin Distance (AR Model to Beam to Single Chan. Band

Time (km) Order) (dB) (dB) (Hz)

292:12.31.45 FINESA P (6) 14.6 17.6 0.2-1
164.4

P (12) 16.3 19.,1 0.2-10
ARCESS P (12) 16.4 20.8 0.2-10
390.4

294:19.32.03 FINESA P (12) 24.5 26.0 0.2-10
259.0
NORESS P (12) 17.9 21.8 0.2-5
564.6

S (12) 16.0 19.8 0.2-5
Lg (12) 15.7 20.0 0.2-5

Table 7.4.2. cont.
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Output from GRFADAPT: (Pr,- phase, 0 2- l Hz)

Stsrt time: 1990-282:12.02.50.0 Seconds 120 00 D).ata tirme intervai

Input rarmeters:

Filter type:-1 (low pasm(lp)=-1,band pass(bp)0,high pass(hp) 1)
FCH 5.25 (lp,hp-filter8 cut frequency, hz)
FLH 20.00 (up-filter low cut frequency, hz)
FHH 20.00 (up-filter-high cut frequency, hz)
IRL 15 (one-side length of the filter impulse response)
ALPHA 0.00010 (decay factor of the filter frequency response,
AZIMUTH 153.80 (azimuth of the seismic phase to be extracted'
VELOCITY 7,80 (apparent velocity of this seisami, phase)
DARE : 10 (order of a beam noise AR-model)
LCRC 6 (number of autocovariance matrises)
REG 0.000001(regularizator value)
DARGRF : 6 (order of the data multidimensional AR-model)
DARARF 10 (auxiliary parameter)
DMARF 20 (auxiliary parameter)
K 4 (resampling factor)

Output parameters:

NP : 1193 (number of the data samples being processed)

AVCHPOW : 0.1380 (averaged dispersion of the channel traces)
BMEAN : 0.0000 (mean value of the beam trace, m)
BPOW 0.0946 (dispersion of the beam trace, a-)
IERLBLD 0 ]
IERMLD 0 (computation errors, error=l. otherwise=0)
IERGLD : 0
GRTUN (M/P): 0.0003 0.0006 (m and a of the AOGF output trace)
GRTW (M/P): 0.0098 1.0128 (m and a of the whitened output trace)
GRAUN (M/P): 0.0000 0.0007 (m and a; of the auxiliary output trnie,
GRMUN (M/P): 0.0006 0.0006 (m and a of the auxiliary output trace,
Gain (avch): 214.33 23.311 (AOGF SNR gain relative averaged channel)
Gain (beam); 146.95 21.672 (AOGF SNR gain relative beam, times, db

(Description of the array data being processed)

Channel X(E-W) X(N-S) ELEV TDEL CHMEAN CHPOW
FIN_AOsz -180.0 -85.0 138.0 0.211 -0.0070 0.1287
FIN_Alsz 0_0 0.0 138.0 0.211 -0.0181 0.1421
FIN A2 sz -308".0 -353.0 162.0 0.262 -0.0085 0.1308
FIN_B1 sz 275.0 -37.0 165.0 0.252 -0.0074 0.1264
FIN B2 sz 121.0 -599.0 159.0 0.371 -0.0053 0.1280
FIN B3_sz -474.0 -555.0 176,0 0.292 0.0071 0.1258
FINB4_sz -764.0 -85.0 158.0 0.143 -0.0167 0.1171
FINB5_sz -436.0 257.0 143.0 0.098 0.0206 0.0913
FIN B6 sz 83.0 277;0 147.0 0.153 -0.0255 0.1501
FIN_Cl_sz -1064.0 -657.0 158.0 0.248 -0.0223 0.1398
FINC2_sz -1110.0 226.0 138.0 0.027 -0.0460 0.1368
FINC3_sz -162.0 788.0 138.0 0.000 -0.0100 0.1507
FINC4_sZ 629.0 420.0 138.0 0.182 -0.0373 0.1256
FIN C5_sz 653.0 -518.0 138.0 0.413 -0.0160 0.1374
FIN_C6_sz -185.0 -1108.0 138.0 0.460 -0.0329 0.2375

Fig. 7.4.1. Example of a G(RFREPORT.OUTPUT file.
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00.20.000 00.40.000 01.00.000 01.20.000 01.40.000 C2.00.CQC

1 990-294:00.00.00.002 NRS-sz

Fig. 7.4.2. NORESS noise recordings used for studying the influence of GR-
FAI)APT parameter values on SNRl gain.
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Fig. 7.4.3. Extraction of the main seismic phases from an event recorded at
FINESA (1990:294:19.32.03, distance 259.0 km). (a) Input and main output
traces of the GRFFILT procedure adjusted for Lg-phase extraction; (b), (c),
(d) main output traces of the GRFFILT procedures adjusted for P, S and
Lg-phase extraction. 0.2-5 IN hand processing.
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Fig. 7.4.5. Extraction of the S-phase from NORESS recordings of a regional
event (1990:294:09.13.00, distance 1:302.7 ki); 0.2 -5 Ilz hand processing.
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Fig. T.4.7. S anid Lg Phase itetection and Onset time estimation using the
AOGF ouitpuit trace of the local event described in Fig. 7.4.6.
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Fig. T.4.10. S-phase onset time ostimation for the event described in Fig.
7.4.5, using the Whitened Bleami, thle AOGF aud the Whitened AOGF outpuit
traces. The time shift~s of the estimates may be explained by thle influence of
the whitening filt~er impilse response.
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Fig. 7.4.1 1. Extraction of the Lg-phase from the recording described in Fig.
7.4.5 and onset time estimation of this phase using the bearn and the AOCF
output traces.



7.5 A 2-dimensional finite difference approach to modeling seis-
mic wave propagation in the crust

Introduction

It is well known that the dlirect , dliscrete solution of the elastic wave equiation
constitutes an excellent platformi for sYnthetic seisinograrin anal ' sis as (III propa-
gation effects are included in the solution (e.g.. see Mooney, 1 91t1). A piractical
real izat ion of thliis approach h as been problemiatij iit il rece it Iy die to lrit at ions
m iposed by cirrent ly availabIle cornpters. 'This beinrg said, we will repiort bel ow

on 2-dimiensional (21)) finite (lifference seismiogrami synthetic expvrinieit s which
have been achieved through cooperative efrorts with scientists at I1BM IBergeni
Scientific Centre (Bergen, Norway).

Elastic wave modeling formulation

The basic equations governing wave propagation in a cout i oio ast ic niediiiin

are th lieronien turn conservation and the st ress -st ri i tl at 1011. Follo'w ing .-\ cli

bach (1975). in thle velocity-st ress form dat ion. thoi ' are, gi yen by

0 d

-a -\- ') + '2ji jx I. /. (2)

Of - OX, - x

where Einstein's summnation convention is iised. J is tflie di nierision alit y of thle

problemn, p is density'%, and A and p are ILamei's paramneters. ff are boilv forces
and v', and] y ark, velocities and stresses, respect ivelY.

.Vnmcr'ieal (ijscization

Spatial part ial differentiation is achiievedl t irongh cost -opt i raied, dIis persi on -
bonded, high-order finite difference operators; on a st aggered grid. For t one

stepp~ing a leap-frog techniquie is utsed! The discretizat ion of t~ie elastodyNnainic
equations with two staggered ntimerical space differentiators. ra±, applied as iii

Levander (1988) to st resses arid particle velocities leads to:

±t~+( At/2) -V1(t - Ai/2))} Aff F4) ±6j,5,,(e) + Y_6rSj+(t)}j1 ''.-I

S,,Q± A) - ,,() - AL~6,V,+(i + At/2) + 2p1AM-V,(t + Ai/2), j1 1 .

sIv (I +.. M
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with

V'(f) t,(x ±h,/2, i), Fj:(i) =fj(x + hj2, t),

Pt=p(x ± hj /2), A = A(x), pA = ju(x) and /ti = jix + hi /2 + hj/2).

1. /2 q(x + 1h 2) - q(x f Ih) _Oq
6 q(x) = d' ~-(xh/2),

Here li~j) is the unit vector in the jthi direction. A. p anid S, are defitied at tlie
nodes of the Cartesian mesh, p,+ 1/'J and T'+ and definedl at tie links cotirectiiiz

the nodes and ",+afld It" arc defined at the centers of t ie( 'plaqiiet t es". a±: are

numerical (lifferentiators of coefficients d.l 1 q is here velocity or stress arid I.~
is the length of the operator. For the numerical dispersion relations, the staliilit%
limit and bandwidth introduced BY the discretization, the reader is referred to
Sguazzero el al (1990).

A bsorbing and fmc suirface boundary rondiljorts

By necessity, the niumerical model inrg limniits thle rued iui, andi to reiduce ar
tificial reflections fromt the numerical boundaries. ft(i velocities arid st resses are
miultipliedi by exponentially decreasing termis near thle cilges. For this proceduire
tobheefficient. relatively large models are required, t hat is, relativel y large spatial
distances to tie wedges and this in 3tD niodeling WOUtli be corn pit at iottahl very
diem and ing. In the latter case we have experimuen t ed I itl ilonr rv ope rato(rs
recently inutroiluced by II igdon (1990.1 991) wh icli at x = It rea d like

which will absorb perfecti lv a plat(, wave t ravellinzg Iowa rds t he hionuia rv at angle
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o, and speed q'. i)1 is thle order of the operator. Similar operators are used onl
thle other bound aries. T'he condi tion for t his filethail to b)e uisefiil is thIiat thbe
number of tinie stops is small enough not to exceed a certain limit, after which
he mhidi will appear un rstalie.

On thle lop free surcface. we use the vanlishing stress conditions for a free
boundary

11411' ii i t he iiiitwaold noriial un i t vect or (in th su, itrface aniid T is t he st ress, ten sor.
To get comipit at ionallv t ract abile corol iiiis, we assume thle free top su rfac il, In'b
locally Plane. lhen'ri i k', where k' is thfe unit vec tor in t he vertical zidirection.
xc an i y are, hiorizoall i'oorinates. (4) t hen leads to

I,,= i77Y = aTz = 1) 1

Fo increase the generality, one miay ass i ne a topo1graphlic relief as the' frov'
s'r face. BY relaxing thle requiiremienit of thle siirfais' being locally plane. one,
a~siiiros a given slap'' loiially' in each spatial direction. Thei' resulting coiiittills
on thle st risss becomue moc complex, thloiigh t ractIable, as lt'iiinst rate-d 1iv,. Jilt

At liri'sei \5i' have, lit incorporated tliik iiicei free' sirfati' in 'wlr
stiftwarva

I rul'sil ii'a(i' poipjcigjiliuir 2P) Jiliih di ft r( ?I,- sujiit, tic,

Ti ht t ask cif "adapt ing" thle 21) Il) soft ware for hiandil inig of seisml i' gi cal

linobllemus hias bieeni rallier tiriie &(isiirriirlg. Iletice, otilY recent lv hav ise lier'ii
alii' to phitl'ice seismic svnt bet ics for crust al wave jirtijaglion. W\e c-an also
handle :31) cases, but thliiir seismtological relevanice at present is limited. A. iwai.
in t lie Foillow inrg we will [presellt somie examtoples of s% li whet ic seism ograrns.

Mi lu I (If 'cciiripi oii a do Ifie arlusis

tlasicallv we use, a luoninugeri oils crust of thickness 'it) kn anil P, H
ki/sec, which lbesiides serves as a referetice rrodel . 'l'li options, for pertiirli rg
this roildel Cmpijrise rtiult ilayering, pit -ewise linear velocit v graidienits, large-Scale
idiscontirnuities like vlito biitp( s), but so far rio ratitomizedI scatter iniclrisiois
A scheroatic' tmoilel illust ration is shown in Fig. 7...Althoiiigli thle souirce ( paint
o~r 1tie scnrce) coti I be at anY depthI, Itie evisors are' alIways onl thle free sirrface.
A ny sensor conifiguiraltion cotid lie used, although ur pterformuarice is for a 10-
vetterit I lit' a rray withi 0.1 km0 st'nsai lterspaci ng, us'hi ch is onvyeivient for veli c it 'v
tlicornl posit ion of I lie, s'v ilttii s. 0cc asian ally' we utse a sensor spacing of -, kri ill
ordeir toi visiialize' thle distance variabilinty iii thle recorids.

An ohjecion aga inist 21) salintion s of thle 'l a,s tic waveetxjnat ion is thIa t all prnip
agan iot i efec Is art' iticli ued anti hence it wonuld be dIifficult tou istolate the response
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of a specific body within the synthetic wavetrain. To overcome this kind of prob-
lems, we would process the synthetic records in a manner similar to that used
for real recordings. Principal techniques used are frequency wavenumber (f-k),
semblance and 3-component polarization analysis (e.g., see Husebye and Ruud,
1989). Occasionally we would make comparisons with "ray tracing" synthetics
for which more specific contribution effects are specified a priori.

Results

Examples of crustal synthetics using the procedure outlined above are shown
in Figs. 7.5.2, 7.5.3 and 7.5.4. The following comments apply.

Figs. 7.5.2 and 7.5.3: Bump on Moho --- ranges 160 kmi and 210 km

In Figs. 7.5.2b and 7.5.3b the homogeneous cases are shown, while the bump
cases are shown in Figs. 7.5.2a and 7.5.3a, respectively. A comparison here giwv(
that the Nioho hump does not strongly change the records, which is also rather
obvious front a corresponding comparison of the semblance plots in Figs. 7.5.2c,d
and Fig. 7.5.3cd. respectively. The dominant features in the synthetics appear
to be crustal reverberations (PmP), which are particularly abundant since the
signal source was put at a depth of 10 kin.

Fig. 7.5.4: Bump on Mobo - ranges 100 200 kut

In this case, we used a linear velocity gradient in the crust and besides used
a sensor spacing of 5 kin in order to visualize distance-dependent changes in the
records. As observed, the Pg-phase dominates the first part of the records, then
comes the corresponding S-phases an( finally multimode Rayleigh-type of waves.
",i, '.:., Iiiiu.(1 1ger sc:nqor spacing the semblance r, solution is ver' high. as
illustrated in Fig. 7.5.4c.d. We have also tested the signal polarity, which further
adds weight to the realism of the 2D FD synthetics displayed.

Discussion and future work

The synthetics generated seemingly include all major phases, while in com-
parison to real records the body wave coda is weak to nonexistent. As demon-
strated, long wavelength heterogeneities like a buip on M1oho do not coint ribute
nniuch in this respect. This in turn implies that the cumulative propagation effect
of randomly distributed scatterers are likely to be of importance.

A specific advantage with our technique for 21) synthetic seismograin calcu-
lations is flexibility in choosing model parameters. In our future work, some sort
of a reference crustal niodel would be established. Theii we would systemiaticallv
change the velocity structure both above and below Moho. Scatterers would be
introduced at various parts of the travel path, and their effect would he visualized
partly but taking the difference between "homogeneous" and "inhormogeneomts"
synthetics. Finally, we would naturally compute synthetics on the basis of crustal
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results presented in Section 7.6.

S. Hesthoirn, IBM Bergen Sd. Centre
B. Rosiand, IBM Bergen Sci. Centre
B.O. Ruud, Geol. Inst., Univ. of Oslo
E.S. Husebye
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2D ELASTIC MODELLING - OSLO RIFT
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. . . . . . . . .
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Scattering bodies eb

PROCESSING: F-K; SEMBLANCE AND 3C ANALYSIS

OBSERVATION: NORESS ARRAY RECORDINGS

Fig. 7.5.1. Simple one- layered critstal modeI uised initially for t otnpuilog svn-
th tic seisograti.s basewd on finite difference sohitions ii 2-ditoensional (21)) of
the Plastic wave eqiations. The point sor l 

is Jocatele at a deptii of 10 kin:
crttstal and sib-M oho vlocilies are 6.5 kin/sei and 8.2 kn/sec, respeclively.
C'orrespon(ing lensity valif- are 2.85I kg/niit and :3.it kg/in :

. Th e Mol ci.,it p
is 50 ? wide anld 2 or . kil high. Hforizontal distan', o f l from oir((,e to ltearsl edge
of Molio bortili is L 0 kini. So far scatter itchlsions wit lh cotiltraIls in ,vlocitY antld
densitv of thle order of 2 - ptr cent have not boen i tidoled.
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Fig. 7.5.2a and b. 21) FD) synthetics for t he mocdel shown in, Fig. T.5. I. In
fignro 1), t he Mlo lm ni of 2 kTin haS been reitiov-d. T Ihe horizont al distance
from source to I lip nearest senisor is 160 km while sensor interspacing is 200 mn.
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7.6 Crustal thicknesses in Fennoscandia -- An overview

Backgjronrrd

( riistal stuies becirii popular amrong seismiologists iIle eirocailI-

viari coutiri .risomiie lhree decades ago, anrd still rmain sio. Thei Iill'rirlls seismiic

s crves uit ed w~ithini this regiol' are aime ill~ mapipinig cruistal str rcturre ini
ever- increasing detail. We have reviewed the Kriow&lerge acui niiiht ed fromr theise

idldes arid mrade a Ilew cruistal thickness miap with icontourr irrtervrl of 2 kim
for -eiiiiisiaiiliuia. Ili somre areas the seimient thlicksiws. e~xceed 1t) kill, so

it is imrpourtant to ifferenitor belweei Molio ileptl.s aidI the cruIst (FrvI~tailiri

thicknesses. Ilence fur the sourli her parts of FveiioscaridiriaMi. riotahl IDrtirark

anit adjacent seas, anl ailitiorinia i rsalneial tlrickiirsses was mnade.

Beliow, we will prisrit the miajor res ult, friomi this icruistal stiirl. Ahile fur iletails
we refer to a fort licori iig piaper bylivon-k ,t al ( 11011

(o/iijiral [rnitrorik

G;igraicii-;llx. li te Fi-iroscarndirnaviair prt ofiel;lt 1;1ic Sliil ninrrprisis rthe
Kola Peninsula (ill ricliri tli" Wlit Seal. Firlihm'!. Iw 1e, iil;ivi;o P-Iiii~nla.
D~enmrark arid tdjaciiit seas (Skgiorruik. Kaltegan tie Bit ic Sea and parls of
tite Blarernts Sea )lrr geological termns. this aria [1I g. -1 .I) exhiits aI variety %i f
iliffenrnt tectoniic lirovino-es. ranginig ill age Fn-oin Arn-hvirt tin Pierrinarn. m~eornr

recent ropening of thne NnrrthI Atlantic. corrinrci lig snlirin 560 Ma ago, alfeitel oly
tieriplriral parts iif tlie shrielil that i,, thie n-nast~il areas of westerni arid northeril
Norway.

( ruslal pro)filing Mioho it pr/l ninippniro

Ther prinicipal aims of cruist al jirihlirig sr rviv are ctistali t liickirese- arid
vlici tvN-de-pth (list rilirt totis above crnil belouw Molio 'Iue( finrrrir pa rarirt er seemi
well rcinrstrairned iii v'iew of ;malsl dlifferernces oift lie order nof 2 :t kill eithorer omeen
jutersectirig jirolili rig lites or hit wren rifleit ion aiii rifract ion lilries. Ilegarinig
velocity dept Ii ilist ribritioris the reflect ion profilirng dat a tray. poor resinliition
'Ilie, refracrt io priofilinrg dlata have relat i vel g. r, rescoluionr alt hiiughr t ie( ivefr-
Sicin scherries ill genri ali ise' do nuot give uiiiue results. It slillices here to i

that iifererit grounps of researcher, risi rig rio' sire set irf oihserv-at ion dat a set
dlni produc ril te sarme Velcrcit ,N.-depth dist ri btirr. [Ill, in herenit probulerm here is
Ihat tfire identification arril pirkirig if socirrnlarY plijise arriv;nts oftern are, difficult
anid beficet ibe final soliutioni is not well const rairiedt. hifferuitir- ray'I, t racinrg is riot,
t oo helpful il Itis resprict since amcplitudre irnformatin arii scattering conriii

errTs are trost lY igriorredl. Also, t here appears to biIe aI si giilca nt imntprovent
n the( 1oibilislred pirofilirng rerikt ts fromri thr rid-seent ins alrl orinwarls. reflctinrg
better recordhing inrst rumrrentatiurn Idigital), udernser sarmptling anid tilie rise of mrorre

sopdristicaated arralYsis and interpretatinal rmethodls. Thiese luirfcorieprrtsonn the
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reliability of seismic reflection and 7efractioti profiling result, shouildi be kept ii

mind wheni judging the major ottcomies of our studY I 'ilriik 0I al, 11 ). iamiel.
a Moho depth map for Ienitoscandiriavia, thickuesses if the crYstalline crust it
the southern parts of the region (DIeniniark tid( adjavit seal) phlis a t abutlatitoi
of P-velIocitv depthI (list ribtitiotis for selected profiles.

Fennosi0 cantdinian mitl St stiit- pifti/in surct ys

We have carefullY screetet I li-, is iilahle litt'rattir'' for proftiling siirveys wAitii

F'ellnoscandinlaia. antd the out conie of these( efforts is t abuilated iii Table 7 6.1
,i displayed,,( iii Fig. 7.6.2. Notil that data fromt omtie of' itt profiling lines have
been rea nal \-/et and rt'interpretei ant with fow lncvtlitits we oiv]% ofer to Ow-
hlest pubtlicatio tin t i s re~gard. A fintal rettiark I are is that intitiei Ittui t'ltrt

has been intvested iii the( cruistal muapping of l-etttuscartiiiia% ia.

I? sils:thn d'I'th andIttsi~i r -t-iistiw thibktt ..s usrip. l fur ... liusitlttu-t

In Fig. 7.6.3t tie( Nfolto detti niap is slmutii and inIi Fig. 761; the trvIallin,-
rrtsttl thirktiess mtap Ilititt o It'iuttta k anud adjiacent seas I arf' shuown. A nlap

simtilar to iliat itt Fig. 7.6j.-I %saJs atltnpted iiiltst rit for te Kota letuitotula

urea. titue fI, it(,' Sea alit ttue westerl flaretits, L ';i. illt at irt-suItIar .,r' not

entigh lta available for u(it i at ask. Any .vwaiy. Isw Motoiii uuu in ii I-i. 7.6.3t
is rather detailed.i iii part icuilar is the are as tflitrt Ni"Iav as wev have, Itt's
t Iie ttIIi i olt(( r Iat (,I (- it t -4tuIItI fout)tII I Iua r iut -i i i, k tIit Iitt t IIr %,- . FI
trttstal tiikeiitg is iiinurt p'rtt-tdit-ttlar t IIhe coastal aras .f oituthiwrn,
anti vesterli Noimau%. anthle Kotla Penlinisula, btut I--st h fr lihe ittrplao, litat it

Se'a. lIn general, the oldest parts or f tu iialic siiti,lm (i, nItttutor 1hurts of lit-
l-ti'TToscatlitiiiviat rein xtitit iw tgr.'-ttst cr10151 I liikut'>-s. lti lav bet

t'xpresseti itt t ii followking forttt

tsitew If itt kut is Xlii tifptli atnd ' i tutu' it Mas.

'Ilte setiliett li< Itihi uss, itt Ow, ibasint areas tulshitr Nomra v are ttfto't fttrttmidttI.'
with corresponittlti tltickniesses of I liervst allinte -ruist Jf tlie oriler of 1.7 20t kii

I ite re i s nut o (i ,i tIti s ( ( ir rel1;tttttn It wit I t a ge Ie is, I I I 1' r I ItIal I I) ves I l ( i t.;de t I

diistribttion, althottught wiitt sj.r we, lu;te ii i'uvs'Igit iv. /,'rtl otr Itti i N,,~t

tct-vgradiets is lik'v to atf iIpoonlvskm ~ rpgto i h

svt"trt 1[0n trsa it It' . rft tii aI(i t.t ITl lil.,' Nttuvtx m:,, -:;'t!.1 ;, lus t

lilt siili art' ruttitt's luitttuo'tious it thlii st'i .. \v~. A rtsutttu tuIttugrupitiH

it' Itg/Sg ray a i' li al f1111 11 it ~ittIlit' b"n det lii tild
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'on) parvilto many IIII hier con inveitt IIrevpioi . to w.mfts ib Iti ivj.

7.6.3 anid 7.6i.1 aw. iiitoei ery diriditi. Oti iti oitier hiand ,i tructuirt tettidk

it \, rV poorl I i od ii. %%tich i it I u ri rellti, Ii Ilti l; at Itaiil: maml iilv, re-

iiii liO )I' t Illi c ti'iii c volw ior of l-eiiiii) ;iiijiiim 0;,. xe (it) think thii l

F 1 l i. blt I -Ioi1 11 itW1IIIi Iii o% itiudi i i i a l Iv 1 it de"I I di i tiu g af i i f[ I( , l(i

, ;Io,;d ;114 ro iiii 'd (Ii 1l l I t ou gh s iii i I li -1 ic,i ,ij , I ie I ,4r tI-oI I I-rI 'vi furIII iro

ej.J.I Ane, micIl 21)pt of nte Geloy I ojy (of OsloI tiiI1,pIo~wo tSv -i

!o i,, iiiilia j i ml t wu cuiruiM tincritile. .-\ i ii h-~iix, i~ 27l l"'l . %%i t il

tid o %v1.1 if. -, Iwltit 11.0. aitld wlteti.- MoSl.. 91 tuiomaiiieniia

A ima tu titi k - iltiii 11wliiili-s dipi %n iiiiiiuip aiii to haut ;I (inn ipti'; Iui

... i... t I i ru-I feIIun I ;I - ,in S -iit -nni(a-t. I ;[1,-its . N If. 'Ai rt S Iu .1w : ( F I

ller it Cii-ns it M-i.. 11% i h I tI I I m( i li eris. i ti on i - l tiunn it i l for i ra Ktn

J.J. i if Dept of eolg Ieiv.of Oslo.I~isi o h latiao
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Protile 5 Prolile 23 Profile [:i)) Iloldc 13(1)

1t P\-Vel H P1I 11 P'Vll if P-Vel
(kin) (kils/see) (kin) (killsec) (kimn (kmiscc (kill) (km/sc i

2.0 0 6.2 0 I 64

.14 20 0.5 24 ti> S H
2 o 32 6.8 2; Oh I o.2
6 2 32 7.2 35 6 20 (l 6
6.3 45 7.2 35 7.1 20 O.n

27 6.7 45 0.8 45 7.. 41 6')
31 7.0 50 7.4 45 s i 41 S,1
,.4 8.1 50 8.0

i ) (2) (3) (4)

' l,fle 1012 Profile Sveka lrofile Bhiiic Profile ladog

11 P-Vel It P 11 P-Vel ! '-Vel
knl (kin/sec) (kin) k-" : ) ikim kll /*ec (kill) (kii/,cc

0 6.1 1 6.0 0 60 0 6.)0
12 0.1 30 6.5 18 61 12 6.0
12 6.5 10 6.8 30 6.7 12 6.2
1() 6.5 40 6.8 30 7.I 30 6.5
1) 7 40 7.3 42 7.2 40) ( S
2 .. 1 52 7.3 42 . .10 8.3
23 8.4 52 6.8 50 82

- 55 6.8 50 S.1
55 7.9

(5i (6) (7) (x)

Profile I Profile 1, Profile 1) Profile 1LA I.

Ii P Vel If P-Vc! 11 P-Vl II 11-Vel
(kni) (km/sec) (kin) (ki/see) (kin1) (km/sec) (kin) (ki/see)

0 6.0 0 6.3 0 5,5 (0 5.6
14 63 17 6.3 6 6 2 5 5.6
1, 6.7 17 6.4 6 6.5 5 6.3
36 6.8 33 6.8 26 68 13 6.3
3) 7.3 33 8.1 28 75 13 6.8
39 8.01 28 8,1 3,1 (1.8

-. 31 8.1

(9) 10l) (1 I) (12)

Table 7.6.2. Pig, I of 2.
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Profile L5 lrfic 1-2(l)l Profile F2(C) Profile 2(03)

tt 11 Vel II 1' Vcl if I-VoI If I' Vcl
(ki) ( c) (frnj (knhl"'CC) (kill) (kkn/:;ec) (1,11 1 k ls .

0 6 1 0 5 0 o.1 0 fi.
16 6.4 6 6,0 20 6.2 20 6.2
24 6.5 16 6.3 20 6.7 20 6.7
30 6.7 18 6.5 35 6.7 27 6.3
33 6.9 34 7.0 3.5 8.0 33 7.0
39 7.1 43 7.4 33 8.0
39 8.1 48 7.9

-- 48 8.3

(13) (14) (15) (16)

Profile U13 Profile Fl Profile El Profile E2

Ai P-Vel H P-Vel H P-Vel H P-Ve
(kin) (kmlsec) (kin) (kinlser) (kli) (k-rntsec) (kn) (kn/sec)

0 2.2 0 5.2 0 4.1 0 4.0
1.5 2.5 4 5.2 10 5.9 4 5.5
2.5 5.2 4 6.0 21 6.5 8 6.0
2.5 6.0 12 6.0 21 6.7 13 6.3
19 6.-, 12 6.7 31 6.8 18 6.7
31 6.9 32 6.7 31 8.0 30 6.9
42 7.2 32 8.0 -- 30 8.0

42 8.2 -. -..

(17) (18) (19) (20)

Tab!,- 7.6.2. i.lo lioh o" 1' xil t', i.-.rib t .ofu P drbtli.'

VV l ll ( )11 it i I I ,i I , 1 i , t)r i ,t i t it f I j h I I 1w , I' Ird I T h.

:.i'r hi I~~ C il I 1 S ),-lI I' r LI. I'h I i I!, I 5.Ir d.' I k

I I I-I I lx A . N it .vhw , 1 0 Ai m. (d 19 
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Y I " i I'n ;k nld I I 1 %- , t ,3 I IqW ) rI , .i 1 ) : ( , !l at s! ! , ,: l r ,i i,' I. I
KVx m aI// fI)X ) t!hI o f~~[ir eth,- I .tf+ ":,gnwltwil! d O w 1 2ll iil<lq r t, ,d,

1' 3. th" lito r" ind iw lK tw' ibm !,, f -r ,m>l hl hl ji rlh i, .. 2! 11J 1 -i
(

' 
"  I
, F - I

I,1 F In inl{ ; h I I i,- 7. ;2 T1, 1 c I h ind,.xi , I ., 2' l ,, t *

125



0 021) 30 40 E

BALTIC SHIELDN
MAIN TECTONIC74

7- PROVINCES 1

LEGEND:

60' VCFNA 60

SVECONORW

SWGR
OSL RIFT (OR)

CAL EDONID ES

550 -5

0. 100 200 30' 400

Fig. 7.6.1. 1"Ii ii p of e lh" illif S11Whi Mltwi i IITl pr 1vmlI'-.

iI ii! : m i'~ pis-~~ I ,



0,10' 20*%J 30' E 15

G U E Z6 N

H LD

P1 .1K SVEKA

4 K MO NUR BALT17

P2 L N ir F~ up6O

ME3

A-LY

A
E4 SEISMIC PROEILES

E AND
I SEISMOLOGICAL STATIONS

Sc~i. MwW1 55
55* F1 00kM~

Fi .7 .a. 11 li0 30~fl tl ;'i1t(11-P !(qu r s l , lw

I T, 2 hIa a o Av Ii l .. 1. 1 1 l iK o l aIk 'ni

1)ro , , or I I ) oci I I i (, 1 1 di i ) 1 ion i * i% 1n27 i ,1



11) 2130)

AND 1 /

N

\ 'N> Z2 \

G P)SXAR~ Z4 '

65' 6 5'
0' 10 20' 30* 40* E

pr f ii- i ri fir h ii 1, -P lr ft r im l lopt t li-i i ttitN ir in vii i it aId1



(1029 30 40

FENNOSCANDIA 24 32

MOHO DEPTH 20 26

3O31)
42

20 1020 0 0

24~



0 10'20''

S. FENNOSCANDIA 3214> / '44

CRUSTAL THICKNESSN

300 km

3~a -48
28 20 16 20 "4. 50

// 28 40

01838 46 48

60' 18 60-
48

/ 50
30 36
2826 22 3

3\~\2 20

55' 550

00 100 E 200

ig.7 6 4 itw w (r% t lil u li w lal ill ~

( IIIpj~lwn~~w -dm w t thi~k -, ;II)A ' m w l i



7.7 Initial development of generic relations for regional threshold
monitoring

Introduction

In earlier reports (Kvawrna and Ringdal, 19Oa, Kvvrtna and iRingtiai, !990b)
we have demonstrated] applications of the threshold monitoring (TM) technique
to regions of limited areal extent like mines and nuclear test sites. This method
has proven to p~roide a simple and very effective tool in day-to-day monitoring
of areas of particular interest. One of the basic uinderlyintg assumptions has
been that each target region should he defined such that all events within t he
region show similar propagation characteristics. This has enabled uts to get lhe
necessary niagrit ude calibirat iotn factors fromt processing previous events withI
"known*' inagn itutde. utsiing thle relation

b, - log(.;,,, (i A': j - Is j L) I

where ii,,, is ottr es t i ntate of t lie mttagn itutide correct iont fact or for p hase iand event
j iis thle es t imiate of thle toagniitud te for even t j ( based on indtettendenit net works

or knowledge about the exptlosive charge) atid S,, is otir estitmate of the sigtnal
level at t ite predicted arrival tirie of pshase i for eveint j. It'is t he ntimber of phases
contsidered ( there itti ghit be severa) stat ions anti several phases per st ati ott). and(
L. is thle numtber of eventts.

The nttgrtituhu torrectioit factor tt be used for plase is t hen givn lv

b= f, < 1,,, > (2

where E< denotes statistical expectastioni. Parameters like window lettgthts ftir
sigital level est imiiat iontt travel -t ities of t he dIifferenit phlases. frequntcy filters ati i
steerintg delays for array beanitformiig are takert fromt processing of the calibration
evettts.

Ext etisiont of thle TNI m iethlod to regiotis w here tto cal ibra tiont events are avail -
able, requiires that we have generic formulas for all vairiables describirg the lpro-
cessinrg - Such relat iotis will miake it possible to miorti tor niew artdi larger geographlt-
cal regions, arol will in ad diti on entable its to gel t a more t horou gh uttderst aridinrg

ont how events or igirtat ing itt cn(e region ittflutence the thItreshol d itt ot her regi otts.
Applyinrg such generic relations will of cotirse i n),olve at tradeoff where at wider
geoigrapthical coverage is achieved at sortie expense witht regard to optimtized muon-
toring of linlitted target area. T[hits it shouldn lie seen as a supplement,. amid not at

replacemnent of. the target-specific threshold miontit orinig.

In the following we present results front a preliminary study ott methods
for obtaining stuch generic relations, with special application to thle regional
Fennoscandian array network.



Phases to consider and their travel-tornes

A standard inethod of estimating the iiiagnitmde of local and regional events
is based on a measouremient of the amrpi tiode if 1t1 heiiax inurn Peak iii t he S -
wavetrain (Richter, 1935; l1~th, 198 1; Alsaker iI al, 1990). [he NORSA R record-
ings of Fig. 7.6.1t show t hat the posi1tion of the m1aximumiii peak var - stjily

front one region to a not her. E vents originating AithIin tile Fevitinoscanldi an ShIi e1(
(event I and eventI -7,) will 1usu1ally have the mimumIiI 'eergy asslci ateId withI the
L2 phase (group velocit v 3-5 kin/sI. Oil the otliec hand. -'veiits with lci agat 1)1

plaths crossing the North Soa grabeni struct ures (v'I !'r ev-f-'t original i og in
oceanic rogionis (evenit fi) will has.' ti( tie 1ii'r lliiii Ii li ''iilrIQ a-,oiiateil with illti
.S, arrivsal ( group vt'locit i v abou t 1.5 ki 111 i ioldilior,. Ku.'riti. anid M lvkkev'it%6
( 19S5) have shown that the regions inl which ti1w'I., irri~d l lit 111 1011ommit llha,''

are dependentt onl thel freywitro's llliwidllre'll le.. 0t liS, , phiase' hecoiiies 1 cin
domlinanlltt a., thli fre'qoeiicies inicrease'.

given it priori foc all t acget acr'as. For olptilliumil pvrl oml c oll. 01' lhiav( hlid I
lie associatedl withI till' eiiI'rgy liliSximli f till WA ft ion. i iiilii (011 IXI I

described alioyi' it is obv'ious t hat We cannlot olt iiii gileiic formuiilas for ihi

travl'l-timle of Ihis, aTIiipit iiil peak withou01 t IlVI' dlat a aiial 'VS15 aw l r~gioil
mlappinig. For NOR 1)55 cecorditigs, Ae hase fronii II li '1 ild oIf K% ;I'rii;t Midl

MI ylklkt-it',it ('9N-5 ) uxi ;a a of t111-' gp'lgra plIIit ;II recil for wh IichI S, or /1.
the( doinaml phase. but simiilar inforiiihloi is ( icrill% nlot as~lilailhll for oUt

seismic arraYs arid sinigle stat ioiis.

F~ront se'vera~l sevars of experienice Wit It vtismic (lita I toii lota i 101d cgi' (i;(

e'vents, wI' know that the. ene'rgy assiiciated wil Ii tli I' lplail, oftiti txluil ii

amplitude tmaximumli several seconds after till' iniitial 1) 1ni1t. This~ flair li,

partly illustrated in Fig. 7..1 or op~timullm TM comibputationis. it is also hell

efi ci al to mi nake' use' of till phauses for whiiichi li' 1 ruvel -tim111 difIference' is ats large'

as possilble. We will thelreforce ill thll followintg Ilceilt 151 i thll first arriving,

P-phase (P, or P,) anid tile L,~ plias' i til Ih T aiiialvsis, iising ill', steoidard

l'eIl nOscandiai i t ravll-tiifo tables as thie genleric fortmulais. 'I'l comtIpenisatep fior h it
micertainties ill t he pbositioning of I Ilie ni axiniui atlil iit 11 (I of the wavet rain. we'

the following sectionis.

Vmquency bands

To ensure optimumi performance o~f the 'UI midet hod, wve init rolld'c lianidpass

filtering of the data in then d 151 where tite conlsidleredl phase is expectedl to have
the largest SNRI. Theme Ihandls are however dlifficuilt to cpjredlict as large variationis

ocuor regardlinrg at te'nluation prcoperties cif t he ifflere'nt propagation piathIs, souirce
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spectra and noise conditions.

In the context of monitoring regions wit hin local and regional distai,"'s. the

work of Sereno ( 1991 ) gives an excellent picture of the average properties of re-
gional phase attenuation, source spectral scaling and backgotind nloise conditions.
From an assumptioni on the event magnitude All, and the epicent ral distance, we
could use his results to piredlict the best S NI frequency h)and] of a phase.

We will, however, in this preliminary st tidy base our selection of filter bands1
oni statistics front the dltection processing of the regional array' s NOR ESS and
AR('ESS. The IAS/INIS system (B~ache it at. 19!90) is used for rout ilii lialvsis.
of dlat a from these array' s. aind all informuatiln concernling thle detected seisntic

phases are stored in) a large dat a base. Thie statistics nit the dointt frequenicy,
i.e., t he frequen1 cy wkit Ithle largest S N R, give uts al i dea onl liw t he optiminuim fre-

qulency band varies as a funict ion of opicent ral dist ance. he statistics cover bothl
NO REFSS a il AR CESS d ata frott t he timew interval 1990/1/23 to 19 91/0t4/29.

lIThe P, (P.) resujlts are given) ill Table 7J;. I, and show large variabilit ',v es-

pec ially' at distances bi4loiw 51)1 kmn -At larger list ajice tlie frequency fiat) 31
to 5 1!, cover the %ast niajorit ' of t ie occiirreotii. Io retait simplicitY inlti

prvlimiilr.- st " tidy, , a- lostil to t4' I lie 3 to -, Ilz freqtteiicy banld for tie
first arriving 1)-phaso at all distanices. I-or roi ls~i this is, ailo il i1ett,ra,
agreenitiw it 10, olt; i k ,IICs 1' h iis'(I 'M i t" resJltsI of S'rT:VIV ( 191)I)

The14 1" roslitl s ivt ill laile 711.2 alo slto largi arailiya distatiis be
low 5001 kttn. It liould e tiotid that the tlotintait freivrientio for L, are elt v

to the pireceditng 5" ,)ola. atid tiot relative to btickgittttd noise cotolit oils. is, wit,

the sitttittioil for P". We wvant optimtumi jirforitoiiic relativ to fotckvoutd nioise
cot litioils. sio The I..; St at stics shioutld be inttrprieod with sottw caitioti. Ont the
other haind, iittitrots sitidies of J, propagatiotn ciaracterist ic. (an.. lltutitarftl

I1990: Se reno, 1991 INv tern a atnd Nly'k kelt vit I 986) coinfir It '1ow - frvi'i1 ii tcv

iture of L., ;it distances above 500 kiil. Also iii thIis case we w ill make at cotlpro-
unose and use the . to 3.5 lIz frequtency band for L., at all distances. Thiis will
give close toi opt ittlli lierformtauct for L,~ at lotiger iitaiti os.W whichi is conriijrod

the most imiportantt for the overall threshold itoiitoriiig cipabilit..

(rid d fin itiorts aria timc bkl rn ts.

Threshold imcnitoriing of a larger giographi-al regiiitt imiplies thtat each target

1ioiiit hatve toi represiii a finite sturroiudinig area,. If we divide thte regioin to lie
nionitoredl inito it gri(l, as shown inl Fig. 7.6.2. thii aria striotunintg the target
poinut is Rivei by a reitatigle ;is indicated onl the saiti igi.

The travel- titne of the cionsiidiredl phtase is gi veti l FA, where _% doite thei

distatnce froit the station A1 tio the target point Al.- Let FI,~ be thle ntiniiiiuri
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trave'l -t irue fro nti Ii i poi ru withlin i te tee tanrg!e, e.g- A.N, arid let '1, b~e tire

rraximrin t rave] -tIuic frorm anY point withbin thle rectatigle. e.g .,MA2.

If the derisi t of tie grid is asuchr t Iiat t, mnagritir de cal ibrat ion factors do

nol itanrv si gni ficianrtl Y withlin the rectangle sirrroiin dinrg eaich gridr poi nt (see Fig.
7.6.2). we us-e thre foth %witrg proceduirre for tnori itorinrg:

Let S8)1) denlote I te >ugral level observed at tunlic I. 1iistenil of ilezt-itruig tIio

sina lvel at tuiv /,A a> predicted fromi the( position of t Ii target point. - we
ntrodlice tirue toleranires suich that

where I E ['/At. Isl hertchv t he esitiined signial level valn bei said to rr'pr''nt

air iipijiir linot for any vouirces, within the re~ctangle. 11wit tune tiil'raricu> (-uit

also lie useod Ito ciiipirls;t for uwrrreairiics in the politiori oif lie iraximnirri

nioplindoe of th lie avtrain. hot we note that die resolnitiio if thle INI riirtliri
wkill I-c dioiraitedi if the lion tuileraiii.'sbo heiie loo1 large'.

.RilA ii'jlyi.i

I- \;riiit ofw optim liri 1 Ai~s t ilem wd o lr

Nlc I xir.,iiit i vain wi-r tOM li gna

In p raie i I leitriil ro hv a sdirin-ton~wm .i

to ari silitg di> t'/.iroir isoiiiliith uarg

terro-axerages 81 .1 %.riii'li atIse ir4l lisI ('ii in' i

I it)r(Ii ci i s ei: iWi Vitii' i 'lIrg11it I hort ll rt1iuii ' . I ar ' p sl ilIA
roprsirtil rlaiv ir to l rigiuIIipeul f a ) short Iait -Ae r, Ib de %x let iii i i i i ti

levlwfarn okinigrt irbois' witi ie inr thei folpA. . i!i p''.i

I IIa Iiiir t i~ t ue I wiiio Hi utm i I t ph, h w is i . It I v-l'-'! d lix
insti r eni integer, tnilipi Af tlolt s'iili ti~li x 'I' hj r the i'iisul're

tlA! lielY ili' aitedl~l studril~- Oir devirtinin At rfers 1%, a pari il* 1".

r,,prv,,4,nh~~~~~~~~~~~~~~~d~ :) vttt.; 1a c~ , fi h r ii n o% \ v ~ O m h u -

livo ofalw g n fa , ih ln irii i , ~ 1 Ih " r-r - s~



w indow length. Let y(AI) be what we consider thle "worst case" noise situation

gi e yY(A t) = A (A t) + X c( A t) (4)

Let S(At) be thle imsximums of Iog(STA) for the( signial. We introduce thle

term "noise damiping", z(At) by the formula:

Z(At) = S(At) - y(At)()

'The *'noise damping- is t hen a measure of thle "effect iv.' sigiial-to-coiso' ratio.

i.e.' how niuch tithe signal exceeds thle "worst case" inioi S situhation. T he op tin iun

STA. window length, At, is the argunicint for which the noise daminig A

attains its miaximiuim.

To assess the( opt imiumi ST A w indo-w lengthlis fior ', and i-L, and tci revea] an v

idistanice dependenc '. we coiiiputed iiaxiinicm isignal SF 1.I al itics with d-ciffc'rect

window lengths for events, at various epiceiit ral dist ances.

Using the z-icolipou-ent o-f the c-enter ins( riumnt of NORESS, A -R('SS or

FIN ESA, the l', data were filtered ilit( he 7-5 liz passiai-. The startinig poic~it

oif t he ST'A w inidows were at tile pred ictecd arrival t imen of t hi' lPph ase. an ticio

accoiiodate for unicert ainties in tie( posit iniig iift hi- ampilitud mi'naxi mcm i-f t le

P' uvavetrain, we i nt roduced a timie tolerance of ± .7 seconds. Information oii t it(

P', data are, given in 'Fable :3. The interpolated curves, of Fig. 7.6.3 give 5) At) for
several evencts for a s('t oif different window l(,lights. For t his st udyl, the absiluite

scale of 5) At) is without any' significancce. so for ulispia v puirposes, all offset was,

addieid ti- each ofthf Icu irves. As expecteud, thle shortest willcuba length ( I 'condl

gas'e thle largest S) At). hu-t there is a distinct dliff'erence in ith, shi-pi' for events

above an(1 belowv 300 kinl 'pic'ent ral idistaiice. We will therefocre in t he following

piroceed withI t wo- average signal cucirves, one( for all events wi ti :ii00 kill (if t it('
stat ions. a i-i aiiothIier fur for thIe rest.

The noise chai-r-c t en St ics for ft, 3e 1, IN frecquienScy handi was ol-tainecl from

analysis of six 30 mniucte nise iitervals. in focrmat ioc n theli noise initervals an'
ive i Table 7.6.1I. For consist'nc-Y with thePa l.s, atm toencof5

,secoind s was used(] Valuiies of A) At) for all no i'e samiilIes are, givsen icc Fig. 7.6. 1,
tioget her with ite avragi'over all six samples. Similar curves fi-r (F(At) are given

in Fig. 7.6,5.

Now t uring ti- tie noisi' datmpitng of tflit, P, phasie fi-r ovoiits within :100 kll

oif the stat ion i-Fc"ig. 7.6.6 givse tlhi' noise i-Iamin ing _( At ) for a set of con fidclei

levels x -cr aAt) (: 1. 2 . . .,5) atud] show t flat for ass' choice of confidhence level,

a I second window li'ngthii will do tflie, best. For even'ut s iiir(' distant t han :300

kni front the station, wi' get thle same conclusion as inferred froiii thle results of

Fig. 7.6.7. It is clearly possible that a shorter timie window than I second might

fucr ther implirioive th Pi 1 ph ase, bilt we h ave not si-ifar invyes tigated this possibhilityv.



The defi nit ion of thle wlorst case "situnatioin is sonrive hat a rit rar-, buit veri inl

tOntijitoil withI th lital n iiumber of sarmples per day M-X4)), the &tI level is at

restot a ble pratit- at(- ot p r. inise. This mevans thIiat 9997 of iI i. d at a w ill b 1) below

this limit. We also st, t hat for all conifidento( lt'vels tit) to t(7, th lit'uio ioiltllii t

the best window letigt It for 1'. will remtairi thte atl

Similar attaltsis it onduttetdtt for the, 1, ibis.'. ie dltta were, ianitpass

vtittit f . Kl -.. ,aco.id;ltt' for litaitillt th lit'tsitit'tii tiof the

1 ,piasts art' Rivi tit VAii' .. 6.3, antI the valuets tf S( At) for tevtents at various
uiitaiot' art' shiowl: illI Fig. 7.6.X. Alsit in this cas' 'v, t ahove antI below 30tio
kilt sliow tiiffer.'rt si(twis. anl we will ia thIte fttifiii pruee'td wvith the avterages,

ftr thles, twit poitjiiat iolts.

I'( dat a itt.rvals otf Table 7.6.4 were also utseto.I( asse'ss the noise charac-

teristics of the 1.5-3.5 Ilz frequtertcy band. T[le estirtiatid curvtes for A(AfA) are

given in Fig. 7.6.9, and the corresponding r- valto's tire given ilt Fig. 7.6.10.

The noise darmping, coniputetd front --an average" Lq signal within too kiti
epicentral distance arid froni "average" noise ctittitns. is given ti Fig. 7.6.11.

When con sideri ng t It It' vels 3aT and highier, all awittdItow hn gt hs of 5 seconads or ltess
scotia tat do alnmost equlally we-.'l Th l'itrrespotadirg t-irxen, for tevenits exceedinig
:too ki epicenitral dlistanact' are shttwnr iii Fig. T.6.12. They indicate that an ETA
windoiw, ltength oitf 10 socondtl will hte close to ohatirittii fttr all conifidentce levtels up

to 5e7.

Our pra'liitar,% ;tssssti t is thItat a 7, tcontd witnadtw ltengtlt shottlid be' tuseti

ftor I., phases iriittat ig fronrt tvt'tts w-it htill 30t kill t'1 iten'tral distance. whtereas
ait) secotit aituula houidtdt Itv tst't fttr tytOIats iX t.t'liig 300( kitl.

Ani itt rt'ast- it I w tittet toltrattits will tiltcrt'asa' thi' valtues tif -(At). whereas
(T( At) a-ill aht'r,uv Fig. 613 illtist rtites this fitr ai titist' Samitple' ill tie 1_5-1.5
hiz fretppttcy band isitig ait 1 secoinid .STA witidtia ltengthi. We' set' that thi' valtu'

tif A(A I) 4+ 3 -7(iAJ cet'i aitittst t ittstani for ;tit time' tcii'rtiict'. imtil viuig that
thte resuilts at' ittainedl a-ith i a ti tue tlterance- of 1- 5 s'cotndts, also sesirt to bit

valid for ithetr i htiie- ttf tim' tilt'rtaicis.

SWt ring & (ot. tit tf c., els f nitis-sic c ring

Orit' itf thet Inititi featm-irto tf seisitic arrasv. is tlit( abilit ,v lto itmpjrtive the signal-
lto nioise rat io (SN ll b l tt-i ftrig. Insteaid if toiti hut i ttg 11ht' S!4sfront

hand pass filtterted si glt' catnrtnt sensors, a-t stt'tor liteiams t owards ech t argtt

pintt, fulte.r thlemir it! th I appi thritpriate frt'qur'rti hiaritls arid hiially conipurte thle
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STA values. fit this way, we significantly ri-, Ie the noise' levels (for tintorrelated
noise, by a factor of Jv.W where N is the nrumber of sensors). Kvaerna ( 1989) have
estimated the SNR gain, the noise suppression and the( signal loss for P-phases,
using data front the NORESS array. In thle 3-5 liz frequency band, appropriate
for P-,, it was founnd that anl SN IZ gain of 12 till coul be 1 achiieve'd wi'thI opt itmum'

plane- wave st eerinrg del a s. -it Was also fotill tlia~t even thottugh the array wa's
steered with optititiit steering paranieters, ft iii signal amtpllituides were reduced
by thle beam formttinrg. (ilte to lack of coltereti cc.

As shown itt Fig. 7.6.11. the st eerinrg delay' s apatnt vi~ic it 'v anti aimtihI)
appropriate for t lie tairget pint. 'wiii tnt itt opt imum i for lie rest of t Ii' pit,
within theli suirrouinttlg rectatigle. Wet Will ilt tie ftoilowitng (onsitler t lie 'worst
case" situation. atnd aciliit for thei maitliit sigtnal loss fcr anY poitt, witin
the rect atigle. If ice assumvii that t ll(, expect ed slow nesses of all poil it W .itini

the rectaniglt' is ideintticali. wihichi is rt'ssttibit' for P, ;ttitl L,. th ii' iis-sti'tritia Will
primarily be caiused iv d'viaitirig aiititi:Is. its shotwni it Fig. 7.6..

steerinig. for NORIKSS atid ARlC EMS P~ heanis flitere't lietweli 3.0) tid 71.0 IL.
lifOrrnlttioTi otIt the, -Svjlt to- Eivii ill Taili' 7.6i.,. 1Iie appat~rentt velocity of

each phase is taks'ti frot broaid-Inirid f-k atialis %sLi, ifi S/.1 letigTh it lli otd

and the titne tolerantce is ±5 s'consiil. [lie inis stit tung is iitlraliict'i as aimiithi

deviations normialized'i relative fto att apparteitt cloiitsv if 5.1 kti/s. Let 19,, ilentio
the azittiitii deiviationi rillitivi' to itt apparen~titvvi siiitsv of s.O k ani d itii r
idenot e the appart velocits- sifthle inciorlitig wae.t Iff 6 , is tht aziliiith itdeviaion

relative to v', W.e get thie following relation

2arcsini( siltl 6
SMf 2

Fig. 7.6.15 shiiws that the sigital loss is atboiut I till foir a ntormializedi aiitil i
oils-steerinlg of2(1 degrees. I.e.. if otr grid is ciionstt'ed in sich a wa tv thatt The
mnaximumn allowed azinitt dtieviatiott is witint 2(1) tdegrees (see Fig. 7.6.1 I). thlit
P, signal loss at NOR ESS a tisl A RC'ESS will lit wit hitn I1 Of. For arrays wcit h
smtaller radiits (t'.g., FINESA). the Sigtial loss Will be les.

Wet have tiot so fsr in'.i'stigatt't thie signali litss dIii' to aiitit i ti-st't'rimtgonf
the L, phasses. lii. iappari'nt vt'lccit % is liwi%-tr thatn fttr P_, which iiiiat hiighetr
sigtial lotss, bit th loWitscr frt'tiii'ttu fitt'n use'd ftir l., ( 1_.5-3.5 lit vt'rsis 3.0-7.0)
lit) works ii tIih' olipinsitt- hirt'ctittn.

Diii' ti t' airg' nt'giotial variamtions ittniitii cirtt'iti-.t is istitlis%
dliffictult to ltrt'nict t' ai~pparenit vt'locitii's, gisin the' iitriitati's if( it' i targe't
potinmt. lahile 7.6.6 gist's thli "Siav appairitit velocit y iif thet first itrivt P-.

phase' IP. oir 1',,) ats ;t fii~tiitt of tliiit'ttrti distatni'. [hess' statistiss ire takett
front t lie IA S dlata a os' art] il ntai boi th NO lE SS ani i AIftES S oibserva tiotns.
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Simiilar statistics oim thle I,, Phase are given in ['able T .6.7. [lot ht iahes show a
large scatter, illustrating the diticuiltY ili predicting the apparelikt velocity given
the epiceitral distaiice. Another comnplicating factor is lte dispersion of th. L,
wave train. itpiilig that t lie eIst mates of ajparoit velocit %kwill be a l ictionl of

bothI the frequieiicv han(I anil the, positioning of the analysisl window.

\'St have ilotiiallY not ittetipted to dto a'iv ' svsieiiiati rtegiotializat ion of thli
VPititvelocit Vlsiaiis III the meanl tijot, we ust' aii djtplcilit velocity.itf

S-O kiii./s ww l iirii V,> heais steered towardtTs i argi points miore di!si ,

2.7,0 h i At ilo~er dtaiTIC1, .sw( iie 6.5 ki/s. [-c L) tleaiii> . appareint volocil.
of lI.t kti , i iiiiiedl for target pitil all dist aiice 1 hese parateters are

cuiirteniii. da for all arrays, NOMII>S, .ARl('SS oild [INTISA.

I i, sigllal lo" \ ill also he, letpi'iileit oin Ow hi ra% gooiitr. hut this ha,

so far iii in (it 1 idl ed il tiiieciii wIt ii--ri Iti I the l'aisA ult oral
'Sxt 'et will be Ito cv;hIlliti' all the- eft>t Of li'ii ,riitg arygeiitle

til Iiiiis-ste'riuig ill (Il, ciitext ofitpsholrl rioiliit'rii [lt1 ;11 this ttr''Liii;ir v
si oil r. i Itf siglilillos is, j ;iic-(l ouniel for 1)y ath ~liit( l, a ll s lou erm of 0.2 It till ) I
tlwhe sercetl logi S.t) %ailut'> foc V'. 1 I, aid O.l diBI) to t lie log) s'A ) ahii-

for L,

W are ltow ill I , jti ion tii ciitit t ie g-iweric re1ltilTii for li Itii agtilt'd

)rrei(titit factloi,. a> I li, () ht ITir [Nariiibles lime Lienl piehiitar % is.'svd.
A I'Akr , I f 1 19), t Ill-' !il a I; irgi'c tytit tlit a hos, I t, he 'sI Ii itii fotiimit>

for a AMi st le1 ill vow . mid th lie s~s'itio'tlvl %. tiiimttel iwirk ;l%1'roiQtsh

M,, tsr iiioi'Cs for ;ill\tii We will in Ht ftI~litwug usei the"ir data liate midt
inriogmi i i,' a>0loi fir wilpilt.i the gelteric ri'lai li flt ile tii;i.gui i il'
correct ii in faci irs.

[le ttk con?> amil oiimtls.rviitioi.s fromii 21 tillereit tliotis (setv Fig. 7.6. hi;'.
itw>1 if whiih Ith li itl;rotr iriatrimiietit resitttisi filr'' lollis. Ill order t" o irli;r.

I it, I.' .1. vaio I Iw ;I tI 1w i'shtect iv.' staliotis. mt na(41 il hh cutniioti basis 1 fur

( tttiiari~oi m. A, it', iit it)dimI a 1i I tit ole' repotvIt'l 114i1icti, slow oinly stiill %ri-

ot ii> ~i t l hi. rlat itl' vs nrrow ptisslittiil conridiiered fir P., and~ l,".wt i til

Ili mi ipptiitmiiiut uo tratusffr the, .,;/I. vyoli' ittt iinit, if tim or riii/. simiipl

Its' iiiilt iphiitgp It. v 11' lisptlitt.'rit ttr veutiy tsptrnst'il atb iio'utcr frcq~it'tttv
i)f t lit' tosshiatitl such1 lt

0l 11", ST'A," TA)' II17

where SJ-[, is t hit' uilstrveth .5A ill tluiatiitt units. Aul is lte displaceriti

atliplit 11ub' re. )1Sprutis' itld it', cet ter frequticy V s./.u, 7wee uh ' r
the how andh high c iuttuhf"otf tli' passbaui. A ,imilar tYpe ofoettitoti c, i he iseil



if we instead convert the STA "alues to ground velocity.

In accordance with earlier regression analysis of magnitude relations (Alsaker
§""sr'-" tbe following pararrueterizition:

Al, = log SITA+ CI+C2I og A,+ C3 -A, I, !V.,N IS)

where NV is the aiiiroicr of observations. Af, is the network magnitude of the event,
S I 1 is the instrument correc ted ST.4, and A, is the ep icentral dist an ce.

The data base of Alsaker ut al ( 1990) contains 7411 observations dlistribuited

amnong V6 v. vents (see Fig. 7.6.17). To ensure good SN H in the F,. and L,~
frequency hands, all data were visually inipected. After rejecting dlit a with
insufficient S N R or with ot her data quality problemis. .153 observations reitiainetl
for P', an alvysis at i .5'2S for L,~ -I'lie S 'lA. valutes were comtipu tetd using t he recip1 es
ot nil in ~ I t he p reced intg setion.., and thle resutlts fromn the regression analyses are
given in [able 7... [;stiniiatesoif the standard deviatioin are also giveil, and showv
a a value of 0.19 for L.. T[he , data show a to ticli larger scatter, and we ohbtainted
a aT valute of 01.36. Complaredl to site s pec ifi c niohtorintg, these (T est i iiates are
significatll h ighor, as the typical a values for site, specif-c mniititoritng are less
thani 0.2 for P5 , aniid l ess thiant 0.1t for I.,. If dlifIferenit filters,. t ravel- Ii rie ittodels or

ot her paranmeters were to be used iii1 thle 'I'MN antalvsi Vs. 11tew riagnit ude corr.'ct Iotn
factors would have to he obtained froms reanalysis of thle calibration evetts. uisiiug
the new recitties.

As thle T NI niethodti comnptites ui~per mnagn ittidte Iinfi ts from a cuimula t ive d is-
trib utiont with ita given meainca and st andla rd devi at ion, we hiave the opition of hal -
aricing the termn CI against the standard deviation aY. This implies that we can i
redutce aT if Cl is iticreased. Our phtiltosophy behind thle 'IM comiputatitnt. has
beeti toi make ronse rvativye estim ateCs of the tipper inagniitutde Ii iiiits. in uorder tiot
tc overestimate th- li pabilities. In this way, we can aild a. conistant terim tt (CI
or increase aT if sotme of Ible atteniuat ion relations or ot her unrderlying pararteter
est irnatps of the T-M met hod are considered particularly tuicertain.

I)isrustin

The resutlts p resent ed iii thIiis studt t give its a mi eanis of testinrg thle ronlcept

of t hres hold mt on ito rinrg apltIied to large geoigrapht ical regious. It iotab~ lits , to

extend the original "site-specific" thireshcold itiottitoririg to What we" [nighit tall
11regional threshold miornitoring". U'sirng these iniitial gelerit -elatitirs. lirigdal
ant K varria (1991. thIis issue ) have alread'N 'shown hitiw coheir corn11ietit display s
cart lie a ppliet to it terp ret t he resutlts front TMN artal 'vs i s I' lieY akol~c ii icat e

niew appllicationts iif t lie regiotntal t hreshtld tontritorinrg Cii li~ot Wich( sliitld lie

investigated in parallel with imrtprovemetnts tif thle genteric relatioils.

[h10 data baSsedt for tilit ai thug the mragntitd inl i lirat iti factor. conists of
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evets frorn Fen iosca idi a ,and adjacentt areats. main g the resnit s rep resin tative

for this kind of geoilogical envirornofitt If we wamtit oixiiit the TFM analYsis

to ot her tYpes of geoli iica) regions, exibiting different witve p ropagation s char*

acteristics, new generic relations hay.' to lie fioiundl. Ancothe'r uncertain factor,
0-iii iip- J,' -rr'' .igi td16 r, if~, i 'leto

particular data liai for regression, as the Samei' Ia biai. ";t, uis'i for obtainling

lie MI, scale for Nor a. isA lsaker 0t al, 19901.

'l~e effect of stg'itt liss flue to 11ib-stii'iig oit ;tie iti 'hliid bei to,

lioroiiglilv iliiustiga,I. Thle signadl Io.. is a 'nitI iwu of 'v. ril variables. aiiiitug

ot her,: phiase t',~ igorlitliiieiiy fr-ijii'tov dIgo'''o im, 1,-stering anid arra.s

getiTTIet r ' . TIbis il'o iipli. I hiat whoti i% aIrrays . it It i iFourtiiit ;trravi'iti.

(t's. are i tit roiio i i t he T'M cuopu tatI ioti. un tiiuills for imals los> )a''t

bie asse-s. i

We atr' alo iistigatiug the possiihit v of Ijimiti -. veral filter t)aids when i

representinig the amiplitudte level iof a plia.o Hit, ( imretit :iodlel of a fixedl fro

'jimin.-' banid for P,~ aniitL i.,i clearly in 1lotml 11 itodrt ,J( 1(I

imrprovetnent s, new ge'nei'c relatiotns have to iev obt aitid for a seit of' Iiiferent

filter hands.

Regionalizatioii of the t raveltine iniolels fur thie HiLixitoIMii ;ITtIihllol peaks

ini the wavetraiti will uiptitiie t lie TMN conipittatiois. lThe data baa.' of Alsaker

0i ,al (1990) (otialn ivra recordings at NORF[S': oil A 10155 which cati he

used'( to legiollali/.e the rav-titne modeils ;it t liis" two Stat ioti. Buit for thle
other stations ciirretitl% providing digital data to NORtMAR I FINESA. (;E'lICSS.

Ksiaz andl( Stars' Fo"ark a, iti(w ,vwitt data base will hiase ti lie i'ill~ei'e. If

in~dpenVdent net work averaigedl niagnut i1des Cal thle p0ivifeil for ti.... veti t . tie

generic relations for ttagtiitutde calibratioti (atit also l),- itipt'tseif.

In coticluitson, thle key' for fuirt her ittilroviett iif thle gerierii relatiotiis for

regionial isliold mionitoinn is easyv access to a large event data base inicliud-

in g reci rd ittgs at all relevanit stat ions. Net i irk liocationus awlI i etwork averaged

ttagtiOII idshslilt li asalille for ;ill vents. Withi his atl latild. We have tie-

possibility to iistgt'regional behtaylinir andtitIi' effct oif difereint pitrattie'

o r settig, in order tot further itoprov tIhi' perhlictoano' of regitial threshold

miontitorn Jg'

Tormod Kvaerna
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Origin time Lat. Long. Distance NfL Station P. dat. daa

1990-101:11.51.55.,4 62.8 27.6 171).8 FINESA yes yes

1990-101:13.46.07.0 60.9 29.3 183.8 FINFSA yes yes
1989-167:11.23.26.0 69.4 30.6 200.0 3.0 ARCESS yes yes
1989-076:11.48.53.0 69.4 30.6 200.0 2.9 ARCESS yes yes
1990-101:10.21.21.0 59.5 25.0 224.8 - FINEISA yes yes

1989-033:18-28.55.0 67.1 20.6 338.5 2.5 ARCESS yes yes
1989-059:18.36.45.0 67.1 20.6 3,38.5 2.5 ARC[ESS yes yes
1989- 105:08.50.53.0 68.1 33.2 348.9 2.7 ARCESS yes yes

1989-133:08:18.49.0 68.1 33.2 348.9 2.7 ARCEISS yes yes
1988-258:08,59.58.0 647 30.7 584.0 2.9 ARCEI SS yes ye
1988-141:09.54.24.0 59-5 25.0 760.0 2.7 NORESS no yes

198-051:13.19 57.0 59.5 25.0 760.0 2.5 NORESS no yes
198-108:13.41.15.0 59.5 26.5 8,11.0 2.8 NORESS no yes

1988-075:11.52.22.0 61.9 30.6 882 2 2.8 ARC[ISS yes yes
1990- 103:10.18.55.0 59.2 28.1 937.0 3.1 NORESS yes no

1989-005:10.001.07.0 61.9 30.6 1024.3 2.5 NOR SS no yes
1988-258:08.59 58.0 64.7 30.7 1069.4 2.9 NO1ESS no yes

1 '90-103:10.28.41.0 64.6 31.2 1093.7 3.0 NORESS Vos no
1989-090:12.16.17.0 59.5 26.5 1119.8 3.(0 A[(C!SS no yes
1990-103:08.37.08,0 67.j 33.5 1302.7 2.8 NOR S y0 E s no

1989-167:11.23.26.0 69.4 30.6 1,307.3 3.0 NOR!SS no yes
1989-168:08.59.23.0 68.1 33.2 1314.3 29 NOIESS no yes

Table 7.7.3. IfIforllation On the eVenIts uSe(d for compullation of naxininlm signal

amplitudes. denoted S(AI).
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119(O-4(i:22..5U.00 NORESS

I9UKS-09 7 14.Ai1.OU NOiRi[SS

I 90i99ii0.00.1k4J Ni ii -SS

19 09l9:1:9.X) OU A 111 I

Table 7.7.4. St art time9, of Iioise in!tervals ~ iiv for assec.sirig average iiois'

ch arac Ierist Iis l I eli gI Ii of all interVals were 3t0 miil ii

T~ 19 1 119:1 .21)' 21iS" 11.5 Niilius 1A I i i 1.2 A- 185i.2 1, .9

10 t AA F 11 1.2 NOtIIISS 19')1 - 200 ' ?i ' 8.1 n ii

-I120:11-Y.23.ii0 -t 1;1. 21) AflLSS P)Ii 120 12(K 4,iIM 1 7 -
i9.i1110 2 W A 691 q( R E S V Ii14 1, -1" ' " 4 7 7\i s -'sN I

Table 7.7.5. List exerjts tsed for the prcliiiiir ' i, ssini't of signal ii o , dis

Iio mins-teerimg of thec P-fIeimiis. Flii' evelit lm at ioiis itrv t lie, .iiilliliimtii- 1itVkork

solutions11 from thle gemie14ralizeif tiaifrnih imith l f e Rini fiii mid Kxi miia

I '44



0-250 250-500 50-0-11[7,50-1000) 1000-1250 ]iFr o [isof.u TV5-200)toa

6.0.6.5kn/i 1 94 5 6 2 2 1 2 0 11257
6.5-7.0k,.//, .08 .18- 8 3 U 1308
7.0.7.Sk-n/ 5!9 187 28 27 7 3 II 2111

.5-8.0k,/k 182 1,79 611 7 G2 131 2206
8.0-8.5k,/ :172 11&(A 107 b6 17;6 14 1 14A7 I
8.5.9.0k , I .1 180 , 11 122 1170t I I100

1) 0- 9-Sk, 2/ I 71 to- C, I .31

91.- 1 Okn~ 0"' 17 1- 1WI2 I, I

10.- 0.kib I 10 10 2 1 12 118
1I0-1Ok./, :, I 8 I i20 9

Il5.2l ,/ ~1 I 1 7i I o

Table 7.7.6. '1 Ilk I1111 give' a11 iVerirs of\ hlte ( ,tilI11tl'l lppawiit velocity of

lie first arrisilig F'-pliaisi (~ I') 7,oI'; ). 1 ,eh lel~ of l isa ta ble. gi vo te) linlber

of obsevuNt ions oftI lic ;I pi;ir111t loiit for a, gi x (-it ;illirotl Veloc-it I 11, and tai

range. 1l110 (1Lila ire t;,kTi fromi rouint -i 1,11II, ii;:.estg f i AS SY.'temi1

arid (tie tatitfi's over biithi NORlLSS atd UCE lSS (11,19 frotnOw t(inev iterval

1990/01 /23 to. 1991/011/29. All %k , wre below Ili, 3.0.

2.5. 28Nk... 0 1( ~ T I 1 0 0 i

2.8- .1 k,,i/ 0 I s 21 1 I 2-11;

T -3,1 n / 1it I 1! 5 0 '121
3.4-.7km, I-Ii,/(;;1 ,'

3,7-4,0kn,/ 61C Si 81 18 1 ( , 610

4,0-4.3k 913 1 811 SO )1 611

4.7-7, Ok,,/. 2(8s i 1 18 0 1
5 0-5,3k ,,, 11 '2 1fi-

S.3-5.5ki/ 0____ ___ 1 ____ ____J 0I

Table 7.7.7. SameI1 a,, Tablo 7.7.6 but for the I, 1)11.
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8.0km/s 4.5km/s 3.5km/S
450-

I -41

IAA

0 0-

I- I

570-

S.kna4.5km/s 3.5km/s

C-

1 04
1350

REDUCED TRAVEL TIME (S)

Fig. 7.7.1. Illustrationl of variation of relat i s importance of the( phases S~and

,-Testand(ard group velocities of 41.5 an(l 3.5 kni (onit11 on ly assigned to
.5, and L. respectively, are marked ily dashed lines. The upper three traces
-ovePr the distance interval 480-.550 km. while the three lower traces correspond
to epicentral distances in the range 1225-13201 km. The location of the NORSAR
array is denoted by a ring on the map, and the traces are fromt the NORSAR
seismomleter 02B01 . The data are hanidpass filtered I to 5 l1z. The reduction
velocity is 8.0 km/secr.
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500
M2  + +

400 - + + +
Target point M

300- ml+ . . +

200-

1 00-
,Sttion A

0 ' 1 I

0 200 400
km

Fig. 7.7.2. J'bi.q figur,, iI I uis Ira t.s thbe neresitx of lisilg t ime tolerances. The plis

signs inicate target points, andl a rectangle siiruniniug one of the target points

( Af is also given. The poinit withlin the' rectangle withI thle tiiuii travel-tinie

is dlenoted Af,. whereas t ie poinit With the Iniaxi 11111111 travel - li is dlenotedl M12



P,, SiLatstics

1.6 *

1.4 ~ ~ 171 km

1.2 * 2O kh---

- 20Q km

e1.0

- 339.km -

3 339 k m 7-

-~ A * - -34,9 km_ *

0.6 -~n-

5-km
*~~~~ *&2k--* -- -----

0.40 ------ --- ---

0 2 4 6 8 10 12 14 16
STA leng-th (sec)

Fig. 7.7.3. Ih l strisk.-ofIlhii-fgr liw ,urtii fiu xliii loqg S 1it

(dpnoteilSf .'t ) ) for/',, for a st of'f S i igI us. Ieuhuvtoi o souii
to thei saint phase alre interpoulateid lv il d or ilot t e lilies, and thle ojiiueit ral
ilistaniev of each event is inuicltd. Inuformuation oii the eveuits ale given i Table

7.7.3. F-or displav piurpioses an offset was added~ to eali of the curves, ais tie
absolute scale, is withIouit allyv sivriilicartce. Note tI li uiffereuiie in the slopes' for

events abi ve, and below 30lt kIll epicui I ra I IistIauce
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line,.



P: tI., t s ( S < :300 ki)

06

E Mean

0 * -

0.0 1

0 C 0 10 2 14 16

STA ctigth (sec)

Fig. 7.7.6. The relative noise damping given in this figure is computed from av-
erage P, signal behavior for events wit hin 300 kin epicentral distance (taken from
Fig. 7.7.3). average noise 2onditious (taken from Fig. 7.7.1 ) and average values of
noise standard deviation (takon from Fig. 7.7.5). Th. relative noise damping for
a set of confidence levels is shown and the 3a level used to characterize a "worst
case- situation is given by filled squares and a solid line.

''1 SdaIslS+ A , 00 ~~

0 .-1

0 I 1
0 ;.*., I - 3c -,

,02 l * B - ,rI

"00

0 2 4 6 8 10 1;2 14 16

Fig. 7.7.7. Same a Fig. 7.7.6. bitt r-presenting events with epicentral distances
exceeding 300 kin.



L9statistics

2.0- y . 171 km

1-84 km

200 Rm _ _ --4

200 km -

km9 k

Cl \- 339 km -7*

349 km-i

~1.0 - ~ -4

a) ~ ~ o_ 760 km --- *--

04 760 km - 4-
* * 8~41 km - *-

~ ~ -2km - - -- - -

0.5 *1~1-------
N1069 km-s~

* kn -------- ----

-3 -7k - - - - *---- ---

1314 km -- - -~ - -

0.0 -

0 5 10 15 20
STA length (sec)

Fig. 7.7.8-. The asTerisks of ti Ili irp s'how oimisrvatit'1 if ot aximil log( S A)
Oilnoted S;( AI) ) for I, for a sot of STIolngthIs. The iihservat ions correspoiiliiig
to I he same phase, are intprpolatvd bv dashed or dolo e lines, and the, epirent ral
list ami of 'ai event are indicated, iforilation onI the veeits is given inl Table
73. Vor dlisplaY purposes anl offseti was added to each of the crvews, as the

absoluite scale is withonlt anl 'sigunificancv. N ote the difference in ths lilopes fior
veil? alhove arid blelo 300 kirn epicent cal dist ance.
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Noise slat istcs (1 3 2 ) If z)

A\hCES

2~ 1 -- -N --- I- -

2 0

1.8
0( 5 10 15) 20

STA length (see)

Fig. 7.7.9. Same a F ig.7.4 bit the nloise intervals were anialYzed in the 1.5-3..5

11z filter band.

0 (05

0 5F :20

PTA leITnIthi Is

Fig. 7.7.10. 1h lofigure gives the sa adard (leviat ion of the noise observations
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level for a set of time tolerances. The first noise segment of Table 7.7.41 was
bandpass filtered betwevi l1-, and 3.5 Ilz, and the estimates were obtained using
an STA length of 10 seconds-
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7.8 Continuous threshold monitoring using "regional threshold
displays"

Introduction

Continuous threshold monitoring (Ringdal and Kva-rna, 1989) is a method
of monitoring seismic amplitude levels for the purpose of assessing the largest
size of events in a given target region that might go undetected by a monitor-
ing network. The method has recently been implemented within the Intelligent
Monitoring System (IMS) (Bache et al, 1990). In previous Semiannual Technical
Summaries, as well as in the present issue, several examples of application have
been presented. In particular, Kvawrna and Ringdal (1990) conducted a one-week
monitoring experiment of the Novaya Zemlya test site using the Fennoscandian re-
gional array network, and concluded that continuous threshold monitoring down
to event size as low as mb = 2.5 appeared feasible for this site.

Regional threshold monitoring

In the current IMS implementation of the TM technique, a limited number
of specific target sites are monitored. These sites include several mines in Scan-
dinavia and Western Russia, along with the Novaya Zemlya and Semipalatinsk
nuclear test sites. For each of these sites, a number of calibration events are
available, and thus it has been possible to fine tune the parameters in order to
obtain close to optimum monitoring performance.

"Regional threshold monitoring" is defined as an extension of the original
"site-specific" threshold monitoring concept. It entails using the same basic prin-
ciples to obtain wide geographical coverage, including coverage of regions for
which no calibration events are available. The key to achieving this is to de-
velop "generic" relations for attenuation and magnitude corrections of seismic
phases of interest, and to deploy a sufficient number of beams to ensure adequate
geographical coverage.

Kvaerna (1991, this issue) has developed initial such generic relations for the
Pn and Lg phases of NORESS, ARCESS and FINESA. His relations are appli-
cable to Northern Europe and adjacent regions, and are based on a systematic
analysis of several hundred phase observations of regional events in various geo-
graphical areas. Kvaerna's results form the basis for the study presented in this
paper.

Threshold maps

The regional threshold monitoring approach lends itself naturally to displays
n the form of contoured geographical maps. By using a spatial grid covering

the area of interest, interpolation can be applied to get a visual representation of
threshold variations over an extended geographical region, and examples will be
given later.
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These contour maps are in many ways similar to the standard network capa-

bility maps traditiontally used in seismnic trionitorinzg stI udies INet wort b, Snap/D1,

etc.). However, there are some fundamental differences:

Standard capability maps use as a basis stat istical inodel s of si gial an d
noise chacacteristicq; in particular a signal variance andl a nIoise variance is

assumned to compensate for statistical fluctuations. Ini contrast ,tile regional

TM maps give "snapshots" of the capabilitY as act iiilv observed at ait vik

point inz timev.

-With stanidaird mnaps, no allowance is Itiade lot ititilsital cotiifioto,. Such I

as, e.g.. thle oc citrretice of a large earthquai ke' or atl aft cr5 i iii k seq jIVIC(
which miay' cause the network capabiiy to iletercrati' fur ltolrs,. Wilt w

TMI Approach, thie actutal \ariatiouu ill letici iou apiablilt i iiiisiit''lY

-Standaruf cajuihil itap ri'ihiii ii sau ti%. 'g sithI regard I, 'S N
i r''shol'f rei'iiin for dci iii iOn'' all ti

1  
ii ittIM uiiiuulii'r if (tatiimi n'

quzircil to loclte". Th le TM! iaps requjiire tno such assumpujtions since li uc

are not tied to "detectiiig and locating- sisic events. hut rather de,( ribe

di rectly tW bseiirved ''seistIji' field" at novN ii . .ti

Wv' wcill hbriolv ciiiii' firthi'v on I hi' last, itctu :iwwtiioii'i alive: iii' ci'-

Iliir'utuezlit of iiuilt "'tati (iltctiiiii with t11w stiatihiri ii'tfioh will sotil"Ititfit',
ll iti uri'ali'tjcall % highl thresholds. o.g.. Ii arci. neair a stato mu f I hie o

itoritig network. Thie toutlt istatioii reuimr'iii'it also iiiiplies that thn int ill I,

not able to adequately represent thle possibility* of part icitha cl. favorable, sou rce'

station paths. A case ilii nt is the otitstanditig capability. oft ihe NORfESS array%
iti uetectitig eXplosiotis ait Sliagati River. Thus, if NORYISS has to detection, it is
liighl unlikely that atty .('IXplOSIicu athfat ite of itic -, lt a.s o~ccuirredi. wherleas a
capability map basedl oti 41-station detection rc'iuiiretei naY well show at hfri'sl
old ati order of iiagn itudl hii gher.

The threshold mioniitcoring approach will avoid thense iilcofisist'tcies. I fil l t

der ntormtal ntoise cotndi tiotns, the thIireshiolds will hn' ver v low wkit li ita few liihunredl
kttt ofeach netwoirk station. Ftirthertiiorv, sitoe t li(, -1NI thireshuolds ari' dlomiteid
1) ,y the "bePst" Statioti Oft liet''twork. pactictilacly. favorable son rce/ riccivi-r pat h
tnia v hb' accottiitiiiati'. although this wo~ild rijitire a cottibinatiot iof regiotial

J~disuitiite teiic iontr

Usinzg titho geieiric relatiotis dhc'clopeI 'i v 1 v~zrtua (1 199 t), w comteit'i
threshold mtonitorintg grit] of 201 x 20 geographical aimintg poit., for a 't0 TiItii'[

tome interval. D~ata frit Ilii' three arcayvs NORKSS, A IW(ESS attd I"IN SA
wereii used. 'otion ciii g mapic wi re d-llpvd l lI iuut'rtilat imi iti t his grid. and
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displayed in the form of color maps where the color scale is tied to the actual
threshold.

Figs. 7.8.1 and 7.8.2 show two representative examples of output from this
procedure.

Fig. 7.8.1 shows the "absolute" TM threshold levels (with mb units indicated
on the color template) at a specific time during a typically "quiet" period (i.e., no
seismic event occurring). We note that the areas immediately surrounding each
array (deep or light blue) show the lowest thresholds (below mb = 0.5), whereas
most of the remaining area at regional distances has a green color, indicating
thresholds in the range nib = 0.5-1.5. The yellow color seen further away from
the network stations indicates thresholds of 1.5 to 2.5.

Fig. 7.8.2 shows a typical map at a time corresponding to a mining explosion
(magnitude 2.2) at the Apatity mine in the Kola Peninsula. In contrast to Fig.
7.8.1, we have here chosen to display relative thresholds (i.e., thresholds relative
to the average thresholds during noise conditions at each geographical point).
This is done to emphasize more clearly the effects of the seismic event in causing
threshold increases outside the source area. We note that, naturally, the area
surrounding the mining site has the highest relative threshold (red), whereas the
"side lobe" effect causes significant threshold increase also in other regions, some
of which quite far apart from the mine.

The computer displays shown in Figs. 7.8.1 and 7.8.2 also include fields for
displaying threshold traces and selecting various plotting options. At the present
time, however, these features have not been operationally implemented.

Perspectives

We consider that the regional approach to threshold monitoring would imply
a significant enhancement of practical monitoring of underground nuclear explo-
sions. In particular, a graphics display system could be developed to provide
the analyst with very useful interactive tools. Among features that might be
desirable are:

- "Snapshots" of regional threshold maps taken at times when a peak occurs
on a threshold monitoring trace. For example, iT a peak is obc. ed on
the threshold trace used to monitor Novaya Zemlya, such a snapshot could
immediately reveal that this peak might, e.g., be a side lobe effect from a
remote earthquake.

Threshold displays taken during the coda of very large earthquakes, indi-
cating the resulting effects on detectability in various regions.

"Cumulative" displays showing the largest possible events that might have
occurred during a given time period (e.g., 24 hours).
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Cominbinationis of thlreshold displays and conventional epiceniter miaps of de-
t'ct ed even~ts'

An ext retnwl it.r'>tig applic ationi would he a real time "*vid eo" di spl ay of

hoik w thtreShol-l sjtiiitii fluctuates with tinie, Wheni a weistinic evenlt occurs. a
real tim 11 (ispla'. of Ihis type would illustrate how lie threshold first increases at

"ie lobhe' loca'ion, -w ithi suibseq uent foc usi rig usponi the ac tuial epicenitral area.-
Su ch a vide o o(-t Tin -ou ld of couirse just as easily he imutplemnted for ofl-line

ret riactive) disolay of tiink, periods of interest.

Iti order to 'iake effective use of the regional threshold monitoring approach

and thi, ;Lsi.SiOted disililY opt ionTs, a workstation with powerfiil computational

:id graphli( al i llpahilities will he required, and we art, currently evaltiating possi-
bilities in this r, gard. We are also continuing oir research aiiiied at integrating the

regional" antd 'silvte cifir" th res hold monitoring niet hot s. whic h we- con si der
t) have a routO in(ied potenitial of becoming a basic tool iii practical mionitorn g

atpplicatio'.

F. Ringdal
T. Kvaerna

A cknowledlE_,nent: [lie prototype interactive regional t hreshiold mniiitorinig

dispiay which orms the basims for the illiustrations in this paper has heen developed
b% Rolf M. A. sen of N01[SAH, using the "NOGRfA" graphics software System.
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Fig. 7.8.1. Example of regional threshold display of "absolute- threshold levels. at a typi-
cal "quiet" period. See text for detailed explanation.



Fig. 7.8.2. Example of regionail threshold displayv of "relaitivc- threshold levels at a time

when a mining explosion occurred in the Kola Peninsula. See text for detailed information.


